Some Complexes Containing Donor Sulphur Atoms. by Murphy, John Michael.
SOME COMPLEXES CONTAINING DONOR SULPHUR ATOMS
A THESIS PRESENTED TO THE UNIVERSITY OF LONDON 
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN THE 
FACULTY OF SCIENCE0
By
JOHN MICHAEL MURPHY
The Inorganic Research Laboratories, October, 1966a
Chemistry Department,
University of Surrey,
London, S,W„11#
C-o
ProQuest Number: 10803791
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10803791
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
2a
ABSTRACT
Complexes of o-aminobenzenethiol have been obtained with 
divalent chromium, manganese, iron, cobalt, nickel and zinc* In 
addition, o-aminobenzenethiolcopper(i) , bis (o-iminobenzenethiol)— 
nickel, tris(o-aminobenzenethiol)cobalt(ill) and oxobis(o-amino- 
benzenethiol)vanadium(lV) have been prepared. Copper(II) and
iron(lll) complexes could not be obtained because the ligand 
reduces copper(ll) and iron(lll) salts.
The blue compound formed by oxidation of bis(o-aminoben- 
zenethiol)nickel(il) in sodium hydroxide has been shown to be 
bis(o-iminobenzenethiol)nickel and not an oxygen-bridged nickel(lV) 
compound as suggested by earlier workers. The dark blue substance 
which had been claimed to be bis( o-aminobenzenethiol)cobalt(il) 
has now been shown to be a mixture of tris(o-aminobenzenethiol)- 
cobalt(lll) and a cobalt oxide, peroxide or hydroxide species. 
However, it has not been possible to establish the exact nature of 
this species. The true cobalt(ll) complex is orange—brown and 
high-spin,. not low-spin as was previously thought. Bis(o—amino—
benzenethiol)iron(il) is antiferromagnetic with a Neel point at 
138°K a n d  an e x c h a n g e  e o u p l i n g  c o n s  t ant of 22.2cm”’'1'.
3It is probable that sulphur bridging is present in many 
of the o-aminobenzenethiol complexes with divalent metals 
thereby producing six-coordinate polymeric structures, 
o-Aminobenzenethiol produces a slightly stronger ligand field 
than water.
Although pure chromium(I^) - thiourea complexes 
could not be obtained, compounds analysing approximately 
as dichlorobis(thiourea)ehromium(H) and hexakis(thiourea)- 
c h r o m i u m ( ^ £ )  perchlorate were prepared. In both compounds 
the thiourea is coordinated through sulphur, and in the 
chloride antiferromagnetio behaviour suggests either a 
chlorine— or sulphur— bridged structure* Bis(diethyldithiocar—
bamate)chromium(lI) has been prepared, but attempts to 
prepare bis(2-aminoethanethiol)chromium(lI) and bis(ethyl 
xanthate)chromium(II) were unsuccessful.
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INTRODUCTION
(1) HISTORICAL INTRODUCTION
Complexes containing donor sulphur atoms have been 
less extensively studied than those of their oxygen analogues© 
In recent years, however, more interest has been shown in metal 
complexes containing sulphur as the donor atom and this field 
has recently been reviewed [!]• Some metals form more stable 
complexes with ligands in which the donor atom is the second 
rather than the first member of groups VB, VIB or VIIB of the 
Periodic Table. For instance, mercury forms stronger complexe 
with ligands containing sulphur donor atoms rather than ligands 
containing oxygen donor atoms# These metals are known as 
class B metals, whilst those metals preferring the less 
polarisable first member of a group are referred to as class A 
metals. Class B behaviour is restricted to an area near the 
centre of the Periodic Table, most metals being in class A[2]«
(a) Unidentate Sulphur Ligands
Mercury is an ideal class B metal and normally forms 
only weak bonds with oxygen so that the very high stability 
of the mercury(II) — sulphite complex [3] suggests bonding 
through sulphur. Other class B metals form stable sulphite 
complexes, and their infrared spectra, like that of the mercury 
complex, support> the presence of metal-sulphur bonds [4-,5]#
The thiosulphate ion appears to complex similarly, bonding I|
through the central sulphur atom with several metals. Thiocya- j 
nate complexes, unlike those formed from cyanate, have been 
reported for most transition metals. Coordination through 
nitrogen occurs for class A metals and also for several class B
i
metals. The position of the carbon-sulphur stretching
frequency in the infrared spectrum has been used to show the
donor atom [6,7]*
Complexes are formed with both aliphatic and
aromatic thiols. A diamagnetic polymeric complex(l) is formed
o2e c2h
between ethanethiol and| ^ |/  \  /  ^
(1} -\ s/  \./ N
lc2H5 C2H5
divalent nickel [8], and it seems likely that some palladium 
thiols have a similar structure [9]* A soluble hexameric form 
of bis(ethanethiol)nickel(lI) is also known [10]. Bridging 
thiol groups are known to occur in some binuclear platinum and 
palladium complexes [11,12], whilst a polymeric structure has 
been suggested for the cobalt(lIl)-hexanethiol complex [l3]o 
Some thiophenol complexes of nickel and palladium have also been 
reported [14]*
10.
The most common unidentate ligand to he used as a 
source of neutral donor sulphur atoms appears to he thiourea.
It bonds almost invariably through the sulphur atom [15-19]? 
although coordination through nitrogen has heen claimed for 
titanium [20]* The metal-sulphur stretching vibrations have 
recently heen reported to lie mainly in the range 300—200cm "^ [19]^ 
Strong complexes are formed with class B metals, and all 
thiourea to metal ratios from one to six have been claimed.
Many of these complexes have been known for sixty years [21], 
although no chromium(II) complexes have so far been reported. 
Thiourea reduces several metals in their normal oxidation 
state, forming complexes with the metal in a lower oxidation
state. For instance, the copper(I) complex can be prepared 
from a copper(II) salt £22]. X—ray structure determinations 
on many thiourea complexes have been carried out [23-31] and. 
the stability constants of several have recently been studied 
speotrophotometrically [32]. Many complexes of ethylenethiou- 
rea(ll)
oh2
«rt
CH*—
\
tz;1
and other NN*—substituted thioureas have also been reported 
[33-37].
Thioethers are not strong coordinating agents^ 
except with some class B metals* Their most common complexes 
are mononuclear, consisting of two halide ions and two thioether 
mdeculesper divalent metal atom. However, many complexes with 
two chlorine Bridges are known* Among other complexes 
containing neutral unidentate sulphur ligands, are several 
formed from thioacetamide(CH^*CS^NHg) [38, 39],
N,N—dimethylthioacetamide ( CH^* CS»N(CH )^^ ,) [40], 
g-thiocaprolact&m (ill) [41], and the platinum and palladium 
complexes of dimethylsulphoxide(CH^*SO*CH^) which are
coordinated through the sulphur atom [42]. It is claimed
S
that several complexes |
/  ~  V  s
, , Cp2 CfC^H
(III)
C y j >2 (IV)
\ / “2
C’H. ^  uH'2 W  2
l2
formed from 1,4-thioxane(IV) are sulphur—honded rather than 
oxygen-honded [43]*
(h) Chelate Ligands containing “both Sulphur and
Oxygen Donor Atoms
Mercaptoacetic acid(HS»CH^®CO^H) forms a monomeric
and several sulphur-hridged polymeric complexes with divalent
nickel [44]* Other aliphatic acids containing a thiol group
12.
have also been used as chelating ligands. However, most of the 
work reported on sulphur—oxygen chelates has been carried out 
with sulphur derivatives of ketones and esters. p-Mercaptoketones 
(R*CHSH»CHg*CO-R*) reduce divalent copper and form the copper(l)
complex, although some p-mercaptoesters (R*CHSH*CH^*CO*OR*) 
give both oopper(l) and nickel(ll) complexes [4-6, 47]*
Some cobalt and iron complexes of a,p-unsaturated p-mercaptoesters 
are also known [48]. Infrared spectra have been used to show the 
coordinating atoms in many of these compounds [49]*- Monothio—p~
diketones (R*CS*CH^*CO*Rl) exist almost entirely in the enethiol 
form and cause nickel to spin—pair, so forming planar complexes 
[50]. It is noteworthy that, whilst monothio-p—diketones form 
complexes with divalent platinum and palladium, a—methyl-substituted 
monothio-p-diketones (R*CS*CHCH^*C0*R!) do not, although nickel 
complexes can be obtained [51]*
complex [45]# However, it is not possible to make a nickel(ll)
o-Methylmercaptobenzoic aoid(V) forms low—spin
complexes with several class B metals although platinum is a 
notable exception [52, 33]» Halogen-bridged binuclear 
complexes of several o—alkylmereaptobenzoic acids(VI) have 
also been reported [54* 33]* including some containing two
(VI)
k
different metal ions [53]* Dialkylthiocarbamates(&2^*^OS ), 
which form complexes with univalent copper [5&] ©>ud some 
thiophosphates ((RCOgPOS ) have also heen studied#
(o) Chelate Ligands containing hoth Sulphur and 
Nitrogen Donor Atoms
The stability constants of some metal complexes 
formed from 2~aminoethanethiol, cysteine(HS*CHg*CHNHg*CO2H) 
and methyl-a-amino-p-mercaptopropionate(HS* CHg* CHNHg^COi OCH^) 
have been determined [57]. 2—Aminoethanethiol forms well
defined mononuclear complexes with divalent nickel, divalent 
palladium and trivalent cobalt but not apparently with divalent 
cobalt [58, 59]* However, it is also possible to form 
trinuclear complexes(VII) with divalent nickel, cobalt and
-CH2
‘ S ^
^ 8 .
(VII)
ch2 .q h2 • 
> h2
M
Cl,
palladium [58]. As the nickel complex is diamagnetic, it has 
been suggested that all three metal atoms must lie in a pl&ne. 
A sulphur-bridged cadmium complex has also been reported, as 
have several containing two different metal atoms linked by 
sulphur bridges [6o]. The reaction of complexes of
2-aminoethanethiol and similar ligands with alkyl halides has
keen found to give complexes containing thioether groups
(VIII) [6l]. This method has keen used to produce macrocyclic
ligands hy employing alkyl dihalides [62]. In a similar manner,
have heen reported although very little wo-rk has . 
been done on them, presumably, in pert, because of their poor 
solubility. The suggested uses of these complexes include: 
additives to lubricating oils, intermediates in organic
have encouraged a number of patents to be taken out, both on 
the preparation of o—aminobenzenethiol itself and that of 
some of its complexes [65, 66]. The us© of o-aminobenzenethiol 
in inorganic analysis has been studied [67], although no more
than preliminary work was done, except in the cases of bismuth, 
selenium and silver. The formation constants of the 
o—aminobenzenethiol chelates with divalent lead and zinc have 
been determined potentiometrically and the complexes found to
be more stable than those formed from o—aminophenol [68,.69]* 
This fact was explained by assuming that the strength of the
(VIII) I2
sulphur—containing Schiff*s bases have been made usinga—diketones^3] 
Several chelate compounds of o—aminobenz'enethiol
syntheses, insecticides and fungicides [64, 65]• These uses
15.
metal-sulphur “bond is greater than the metal-oxygen hond 
because of the lower electronegativity of the sulphur and 
consequent increase in the covalent character of the bond. The
use of o—aminobenzenethiola-s a titrimetric reagent for some 
metal ions has also been investigated [70]*
Bi3(o-aminobenzenethiol)zinc(11) was the first 
o-aminobenzenethiol complex reported. It can be prepared by 
reduction of bis(o—nitrophenyl)disulphide (IX), either with 
zinc and glacial acetic acid [71] or with zinc, concentrated 
hydrochloric acid and glacial acetic acid [72]. This zinc 
complex has also been made from 2-mercaptobenzothiasole(X) [66]
and more recently from o-aminobenzenethiol directly [75~:75]o
- S
SH
(IX)
/X
O'
NO- OjN-2 x >/' N>r N'
The complex has been reported to condense with benzaldehyde 
thereby forming a sulphur-containing Schifffs base [76]*
The nickel(ll) complex has been reported to be greyish-yellow 
and low-spin [77* 78]* although it is also stated to be green [75]* 
Aerial oxidation of this complex in strong alkali gives a dark 
blue diamagnetic compound, Hieber and Bru*ck, from oxygen 
absorption measurements, together with nickel and nitrogen
analyses,- have claimed this compound to be a binuclear oxygen- 
bridged nickel(lV) complex(Xl) [77* 79* 80],
(X)
3.6*
Both divalent and trivalent cobalt—o—aminobenzeneiiiiol 
complexes have "been claimed. Bis(o-aminobenzenethiol) cobalt (II )
has been reported to he dark hlue with a room temperature 
magnetio moment of 2.6B.M. [75* 78]. It has therefore heen 
considered a typical low—spin planar cohalt(II) complex [81* 82]* 
It was first prepared hy hoiling in acetone the brown produet 
obtained on adding o—aminobenzenethiol to eobalt acetate in 
aqueous alcohol [78]. More recently this blue cobalt complex 
has been claimed to result directly on adding o—aminobenzenethiol 
to cobalt acetate or cobalt nitrate* also in aqueous alcohol [75] 
The preparation of green tris(o-aminobenzenethiol)cobalt (ill) 
from cobaltous chloride and o—aminobenzenethiol has also been 
reported [77]«
It has been stated that blue bis (o-aminobenzenethiol)*~ 
copper(II) results on mixing a copper(H) salt and o-aminobenzene 
thiol in air [75]. Other metals reported to form compounds with 
o-aminobenzenethiol arej iron [65* 83]* cadmium [65* 74* 75]* 
silver [75]* palladium [84* 55]* molybdenum [85], mercury 
[65, 74]* gold [65], platinum [84]* sodium [86], tin [87]*
lead [65, 88, 89] and 'bismuth [65, 75j#
The stability constants of several complexes formed 
from 6—mercaptopurine(XII) have heen found [90]. A similar
SH
(XIX) (XIII)f f]—f
H* '
ligand, 8-meroaptoquinoline (XIII) forms strong honds with 
class B metals and many of its complexes and those of its 
derivatives have heen reported [91* 92]. 2-(2-Mercaptpethyl)* 
pyridine (XIV) has heen found to give low—spin complexes with 
divalent nickel, palladium and platinum as well as some 
hinuclear and trinuclear complexes [93] • Many complexes
(XIV)
-CH2CH2SH
N
c-
IIs
-m.
(XV)
containing thioamidopyridine(XV) and related ligands are also 
known [94-97]*
Thiosemicarhazide(H^N*CS*NH*NH2) can act as a 
neutral or negatively charged ligand and several complexes have 
heen reported [98-100]. A similar ligand, dithizone (XVI) 
has heen used in analytical chemistr^hecause it forms highly
P 5
r-:N- c.: N-
(XVI)
rac^H
SH
H IIS (XVII) Nil
coloured low-spin complexes^ particularly with class B metals. 
Pithaooxamide(XVXl) can also be' used as an analytical reagent 
and many complexes are known [101]* Among other sulphur— 
nitrogen donor ligands which have heen reported to form complexes, 
is guanylthioureatH^N* CS»NH#CNH^HHg) [102]. Complexes formed 
from p-aminothioethers(RS*CH2*CH2*NH2) have not heen extensively 
studied although several have heen reported [103] and have had 
their stability constants determined [104]• More recently 
the chelating ability of 8—methylthioquinoline(XVTII) has heen 
studied [105].
(XVIII)
SCH
V (XIX)•As (ch3)2
(d) Chelate Ligands containing both Sulphur and 
Arsenic Donor Atoms
3-Dimethylarsinopropane-1—thiol(HS* CHg* OHg* CHg*As(CH^)2)
forms planar diamagnetic complexes with divalent nickel,
palladium and platinum [78* 84]* It has also been shown that
while dimethyl-o—methylthiophenylarsine(XIX) forms strong
complexes with many metals [106-108], dimethyl-3—methylthio-
propylarsine(H_C*S*CH •CH0*CH_*As(CH_)0) only forms stable 
3 2 2 * '  3 *-
complexes with divalent platinum, divalent palladium and
monovalent eopper [109]*
(e) Chelate Ligands containing only Sulphur Donor Atoms
Many a-dithiol complexes have heen prepared and "both 
toluene-3,4-dithiol(XX) [110] and quinoxaline-2,3-&ithiol(XXl) [ill] 
have found
(XX)
..-SH I K ^ S HN
(XXI)
^  ^  "SH
use in analytical chemistry. The simplest a—dithiol, ethanedithicQ, 
forms very stable nickel complexes [112]. Similar aliphatic 
dithiols have also heen shown to form strong complexes with a 
variety of metals.
The dithiooxalate ion(XXII) has long heen known to 
form anionic metal complexes with several class B metals.
X-ray structure determinations have shown that the nickel(ll), 
platinum(ll) and palladium(ll) complexes are square-planar with 
donor sulphur atoms [113]* More recently the spectral 
properties of dithiooxalate complexes have heen discussed[114-117]
0- s* .S
(XXII) (XXIII)
Since 1962 an enormous amount has heen published on
unsaturated a—dithiol complexes, notably those complexes
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containing the maleonitriledithiol ion (MNT,XXIIl) as ligand.
Complexes of general formula [ (n-hutyl)^N]2 [M(MNT) have "been
reported, where M = divalent Ni,Pd,Pt,Cu,Zn or Co [118,119] and
2—more recently [VO(MNT)] has heen made [120]. The cohalt complex 
was claimed to he the first well-authenticated example of a planar 
high-spin complex. However, this claim has heen challenged and it 
would appear that it is in fact low—spin [121]. Crystal structure 
determinations on [ (methyl) N]2[Ni(MNT)2] .and [(n-hutyl)^]^ Co (MN^J 
Showed•the complexes to -he square-planar [122, 123]* The similar 
copper(lll) complex, [ (n-hutyl)^N] [^(MNT)^) is also square-planar, 
hut, unlike the metal atoms in the cohalt complex, the copper atoms 
are not well separated [124]. The rhodium complex,
[(n-hutyl)^N]2[Rh(MNT)2] is isomorphous with the nickel analogue 
and is therefore the first example of square-planar divalent 
rhodium [125]*
Soon after the first report of maleonitriledithiol 
complexes, Davison and co-workers reported three similar series 
of complexes related hy electron^-transfer reactions. These
contain the group [M(S2C2R2^2^Z' when R = C6H5 0T 3 and M = 
z = 0(neutral complex), -1 or -2 (anionic complexes, usually 
associated with tetraalkylammonium cations); when R = CN and 
M = Cu, Co, Ni, Pd, Pt or Au, z = -1 [126, 127]* Further complexes 
containing the group [M(S^C2(CP^)2)2]2 have also heen prepared; 
when «ss -2, M = Pd, Pt or Co; when z = -1, M = Pd, Pt, Co or Pe;
when z = 0, M = Pt or Co [128]. The neutral cobalt complex has 
since heen shown to he dimeric from an x-ray diffraction study [129J« 
A neutral complex, M^^CgR^gjWhen M = Ni and R = C g H h a s  heen known 
since 19&2 [130] and recently a crystal structure determination has 
shown the complex to he square-planar [131]• Several similar 
complexes, when R = alkyl or aryl, M = Ni, Pd or Pt, have also 
heen reported. These complexes were all stated to he square-planair 
with the metal in the divalent state [132]. More recently nickel 
complexes containing the unsuhstituted cis-dimercaptoethylene ion 
(XXIV) have heen reported [133 , 134]. H °\
(XXIV)
H C _ S~
Complexes formed from toluene—3*4- dithiol (XX,TDT = the
dianion) are very similar to maleonitriledithiol complexes and hoth
have heen stated to he ideal for stabilising square-planar geometry
[135]. Several toluene-3,4-dithiol complexes containing the groups
[m(TDT)2 ]^ "* an<^  kave been reported [136]. [ Co (TDT) ^  ]"""
has a magnetic moment of 3.27B.M,, and this fact, together with
spectral evidence, has led to the suggestion that this is the first
8
example of a high-spin square-planar d complex [136, 13 7l» 
[Co(MNT)^]~ on the other hand, is diamagnetic in the solid state 
and in cyclohexanone, although in dimethylsulphoxide a magnetic 
moment of 2.81B.M. is observed [138].
Tris(maleonitriledithiol) complexes containing the
group [M(MNT)^] have heen reported for M = Mn,Fe,Mo,W,Cr or
V when Z = -2 [139* 140] and for M = Cr or Co when Z ~ -3
[140, 141]# A number of similar six-coordinate complexes
Zcontaining the group [ M f S ^ C g C C P h a v e  also heen prepared 
for M = Cr, Mo or W when Z = 0,-1 or —2 [140] and for M = V 
when Z = -1 or -2 [142]* These tris-complexes are similar to 
related bis-complexea in that they contain metals stabilized 
in several oxidation states, and can he interconverted by 
oxidation-reduction reactions [140]*
The dithiobenzil ion(XXV) forms neutral tris-complexes
with several trivalent metals [143* 144]* the rhenium complex
(XXV) I
having a near perfect trigonal-prismatic array of donor atoms in 
a crystalline sample (XXVI* aromatic rings not shown) [145]*
This fact has led to the suggestion that many tris(toluene-3,
4—dithiol) and similar complexes are also trigonal-prismatic 
[143* 146]. Several neutral tris-complexes containing the 
cis—dimercaptoethylene ion(XXIV) have also been reported [144] 
and an X-ray structure determination has shown the molybdenum 
complex to be trigonal-prismatic [147]•
(XXVI)
23*
The oxidation state of the metal in complexes 
containing bidentate unsaturated sulphur donor ligands has 
heen the subject of much discussion. Clearly the vanadium 
can he imagined to he in a hexavalent state in
5hut this would mean the metal is effectively 3p and this has 
heen considered unreasonable [148]. Similarly cohalt can he 
considered to he in the trivalent state in complexes containing | 
the [CoCMNT)^] a&d [Co(MNT)^]^ ions* On the other hand, j
chemical evidence indicates otherwise, and it has heen suggested j
g
that a more correct assignment would he d with two radical 
anions [ x u ] .  However, a general molecular orbital formulation I
of the ground state is preferable to an assignment of a definite
j
oxidation state to the metal [135]. Spin interactions between 
pairs of metal atoms through the sulphur atoms of adjacent 
ligands has heen attributed to account for the singlet-triplet j
magnetic behaviour shown in complexes containing the [MfMNT)^] |
ion where M « Fe,Ni,Pd or Pt [149]*
|
The thiol-thioether ligands o-methylthiobenzenethiol 
(XXVII) and 3~ethylthiopropane-l-thiol(HS* CH2* CH2 -CHg. S. 0^^) 
form square-planar diamagnetic complexes with divalent nickel, j
palladium and platinum [78, 84] and several sulphur-bridged j
compounds can also he formed [55* 150]. 3~Ethylthiopropane~*l~ |
thiol is said to form a low-spin complex with divalent cohalt [78 ] s>!
Several low-spin square-planar complexes of dithioacetylacetone
(CH *CS*CH • CS•CH_) have also heen reported although the free 
3 2 3
ligand has not yet heen isolated [151]»
SH
(XXVII)
SCH
3
,SCH
(XXVIII)
Stable dithioether complexes are formed with most 
class B metals and several other metals including cohalt [152]* 
one to one adducts heing formed with several quadrivalent metal 
halides [153* 154]* However, 4-niethyldithioveratrole (XXVIII) 
does not readily coordinate with divalent nickel [155]* 
Dithioether complexes are similar to those formed from 
unidentate thioethers, although in general they are more stable* 
Xanthates(XXIX), dithiocarbamates(XXX), dithiophosphate 
(XXXI) and several related ligands mentioned below form four- 
membered chelate rings, and
(xxxx) s -  (XXX) g. E___ 0 (xxx i)
E 0 a '"^N--- X p/'
^  I - '
many complexes with divalent and trivalent metals have been 
reported. The xanthate canonical structure with a carbon-oxygen 
double bond(XXXIl) contributes only a small amount to the
structure of xanthate complexes. This is in contrast to the
character in the carbon-nitrogen bond(XXXIIl)[156-158]. Also 
the dipole moments of xanthate complexes are much lower than 
those for the corresponding dithiocarbamate complexes. Because 
of the different charge distributions it has been suggested 
that the dithiocarbamates should have a greater ability to 
form cr— bonds, thus accounting for the greater stability of 
dithiocarbamate complexes compared to xanthate complexes [156].
to form neutral diamagnetic ethyl xanthate complexes for many 
years. The absorption spectra have been recorded for these 
complexes and those with other metals, and have been correlated 
with their structure [159]* The absorption spectra of some 
chromium(III) xanthates have also been studied and the 
relationship between the nature of the alkyl group and the 
positions and intensities of the bands has been investigated[loO] 
The preparation of several xanthate complexes and their X—ray 
diffraction patterns have recently been reported [l6l]; and the
(XXXIX) (XXXIII)
dithiocarbamate complexes whose strong absorption band at
i
—11542—1480 cm indicates a large amount of double bond
Divalent nickel and trivalent cobalt have been known
26o
assignment of many of their infrared absorption bands has also 
been carried out [l62]«
Reviews have been written on dithiocarbamate complexes 
[163, 1^4] which have been more widely studied than those of the 
xanthates. In general, the reaction of the dithiocarbamate 
ion, like that of xanthate, with divalent cobalt, iron and 
manganese has been stated to produce trivalent metals, tris- 
complexes being obtained with excess ligand [165—167]* However, 
certain amines such as piperidine(XXXIV) and piperazine(XXXV)
have been used to form dithiocarbamates
H
N
Cll2NfeH2
k 2 iHo (XX3CV)
H H
from which the pale manganese(II), iron(II) and cobalt(ll)
complexes have been made [167]* The chromium(ll) ion has been
reported to react immediately with dithiocarbamates in aqueous
solution, producing the ehromium(ll) complex which is then
rapidly oxidised to a chromium(lll) derivative even when
precautions are taken to exclude oxygen [168]* The chromium(II)
ion has also been stated to be oxidised in the presence of
xanthate ion [l69]* In the presence of nitric oxide however,
the diethyldithiocarbamate ion forms a diamagnetic chromium
nitrosyl compound, containing two coordinated nitric oxide
(XXXIV) CHLO I
molecules and two diethyldithiocarbamate ions per metal ion 
[l69~17l]o Iron and cobalt nitrosyl dithiocarbamates are 
also known, the diamagnetic mononitrosyl cobalt complex having 
a five—coordinate rectangular pyramidal configuration [172].
The tris(dithiocarbamate) complexes of trivalent 
chromium, manganese, iron and cobalt are all highly coloured, 
the chromium complex being dark violet. The magnetic moments 
of iron(III) dithiocarbamates are temperature-dependent and 
lie between the values expected for one and five unpaired 
electrons [173-175]* This behaviour indicates that the ligand 
field is near the change-over point between a low-spin and a 
high-spin configuration. Iron(III) monoalkyldithioc&rbamates 
are high-spin whilst iron(IIX) xanthates are low—spin.
X—ray structure.determinations on bis(dithiocarbamate 
nickel(II) complexes have shown the four sulphur atoms to lie 
in a plane [17&, 177]* X-ray data have also confirmed the 
infrared evidence for a large amount of double bond character 
in the carbon—nitrogen bond and have indicated a distorted 
pyramidal array of sulphur atoms in the zinc and copper(II) 
diethyldithiocarbamates [178* 179]* The neutral complexes 
of monovalent copper, silver and gold have been found to be 
polymeric [180].
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A review has "been written on dithiophosphates [181] 
and Jorgensen has reported some interesting observations on 
complexes containing this ligand, stating that the phosphorus—
I
sulphur bond has very little double hond character [18^]» He |£puts the dithiophosphate ion lower in the spectrochemical serxes ;
than the dithiocarbamate ion and several other sulphur containingj
ligands [182, 166, 183]. i
Other four-membered ringed complexes containing
(XXXVI)
NC
(XXXVIII)
X.
N C- 'N:
;C (XXXVII)
(XXXIX)
bidentate sulphur ligands have recently been reported using 
the 1,1-dithiol ion(XXXVI)[l84I, the trithiocarhonate ion(XXXVIl) 
[185], the l,l-dicyanoethylene-2,2-dithiol ion(XXXVIIl)[185, 186] 
and the N-cyanodithiooarbimate ion(XXXIX)[185]* A sulphur- 
bridged complex containing quadrivalent nickel (XXXX) has been 
reported with dithiobenzoic acid [77, 79]»
(XXXX) <s. rr>-Y
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(2) OBJECT OF WORK
The original object of the work was to prepare 
complexes containing new ligands "by condensation of o—amino— 
henzenethiol complexes with suitable aldehydes and ketones*
This seemed feasible since it had been reported that the 
zinc—o-aminobenzenethiol complex would condense with 
benzaldehyde. It was hoped that such ligands, by virtue of 
their sulphur and nitrogen donor atoms, might serve as suitable 
complexing agents for metals of the second and third transition 
series* However, anomalies were found in what was known about 
the o—aminobenzenethiol compounds already reported* Eor 
instance, the nickel(ll) compound (page 15 ) has been stated to 
be greyish—yellow or green, and susceptible to oxidation, an 
unusual occurrence with nickel(II) compounds* Also the dark 
blue cobalt(II) compound (page 16 ) was prepared by boiling a 
brown material in acetone* Since cobalt(il) compounds are 
often air—sensitive it seemed that the dark blue compound 
might not be a cobalt(II) compound but an oxidation product*
Pew physical measurements on these compounds have been reported, 
and no compounds of metals preceding iron in the first 
transition series were known* The object of the work therefore 
became to re-investigate the known compounds of the first 
transition series, under anaerobic conditions when necessary,
and to investigate for the first time any compounds whieh 
might he formed "by the transition elements preceding iron* 
It was hoped that some investigations of chromium(ll) — 
sulphur systems generally would he possible.
31.
S E C T I O N  II 
EXPERIMENTAL TECHNIQUES
(l) PREPARATIVE METHODS
Most of the compounds studied were oxygen-sensitive 
and therefore preparations had to he carried out under nitrogen 
The main apparatus used for working under nitrogen (Pig. 1) 
has already "been described [1.87]• Nitrogen was purified as 
shown in Pig. 2 and allowed to escape to the atmosphere via 
taps 1 and 2 when not required. Normally taps 1, 2, 3$ h- aad 
5 were left open and taps 6, 79 8, 9* 10 and 11 were left close
Other apparatus can he attached to the main apparatus 
at joint A as shown, at joint B, or hy ruhher tuhing from 
point C. Vacuum was applied at A hy opening taps 6 and J9 at 
B hy opening tap 6, and at C hy opening taps 6 and 8. Air may 
he pumped out of the apparatus hy opening taps 6 and 7* Tap 6 
could then he closed and nitrogen admitted hy closing tap 1 and 
opening tap 9* When the pressure inside the apparatus has 
reached atmospheric pressure tap 9 is closed and tap 1 opened. 
This series of operations can he repeated several times to 
ensure the complete removal of oxygen.
The preparation of an oxygen-sensitive complex varied 
according to the ligand and metal salt used. The preparation 
was simplified if the complex precipitated on mixing the m©tal 
salt and ligand solutions, and also if neither of these two
33.
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solutions was oxygen—sensitive# If this was the case, a flask F,
containing the solution of the ligand, was attached to the main 
apparatus as shown in Fig# 1# The solution was deoxygenated via 
tap 12 and the flask inverted. The metal salt solution in flask G- 
was then attached at E and deoxygenated via tap 13# The 
solutions were mixed via tap 14. The flask containing the 
precipitated complex was inverted and the complex filtered as 
shown in Fig. 3* The suspension was allowed to pass down the 
hollow plunger of a greased glass syringe S, out through the 
hole H, onto filter paper held in place on a perforated glass disc 
by a polythene ring# Below H, as an extension to the hollow 
plunger, was a solid glass paddle R, used to displace the dried 
solid (see below)# The solid was washed with liquid which had 
previously been deoxygenated in tube D, by sucking the liquid 
from D onto the solid# Tap 15 was then closed and the solid 
dried by continuous pumping through A with a long tube in place 
of D, Burrounded by liquid air, in order to act as © cold trap# 
After closing tap 16 and detaching the filtration unit, the dry 
solid was broken up with the paddle R, which was rotated laterally 
and vertically using the syringe. The powdered solid was shaken 
into the ’pig* P, and packed into the tubes, which were then 
sealed off under vacuum. The weight of the solid sealed in each
j
tube was found by subtracting the weight of the empty tube from
APPARATUS FOR FILTRATION U N DER NITROGEN
the total weight of the two pieces left after sealing, the grease 
being first removed from the joint. The solid could he further 
dried, if necessary, with a hot-air blower, or by immersing the 
T—piece of the *pig* into a glycerol bath after the solid had been ! 
shaken into it.
If the complex was air-stable when dry, the suspension 
was simply filtered through a sintered glass disc instead of the 
filtration apparatus in Fig* 3* I** the metal salt was oxygen-
sensitive in solution it was added to the deoxygenated solvent 
against a stream of nitrogen, the flask then being immediately 
evacuated and refilled with nitrogen, o-Aminobenzenethiol, 
being oxygen-sensitive, was added similarly from a calibrated 
hypodermic syringe.
The chromium(II) salts used as starting materials were 
oxygen-sensitive as solids and in solution. The chloride was made 
by the action of boiling 10% hydrochloric acid on spectroscopically 
pure chromium pellets [188], the reaction being complete within 
three hours. The perchlorate was made similarly from 25% 
perchloric acid. The reaction with perchloric acid was initiated
by heating, but it was necessary to cool the mixture once reaction 
had begun to prevent oxidation of the chromium(13*.) ion by 
perchlorate. Excess chromium was used, and the weight of metal 
salt formed was calculated from the weight of metal consumed.
If the solid metal salts were required in large quantity (greater 
than about 2 g.) they were obtained by evaporating off the water. 
If small samples were needed for trial reactions, these were 
sealed in tubes [189] which were later broken under nitrogen 
using a ball and socket joint.
(2) ANALYTICAL METHODS
Carbon, hydrogen, nitrogen and oxygen microanalyses 
were carried out by A. Bernhardt, Max Planck Institute, Muiheim, 
Germany. All other determinations were carried out at least in 
duplicate, and usually in triplicate* Duplicate determinations
always agreed to at least 0.5-l<»0%* Standard methods [190] 
were normally used.
(a) Zinc
The complex (0,1-0.2 g.) was destroyed by evaporating 
to dryness with concentrated sulphuric acid (10 ml), 
concentrated nitric acid (5 hiI) &nd concentrated perchloric 
acid (2 ml). The residue was dissolved in water and the 
pH adjusted to 10 by the addition of a buffer solution.
The solution was then titrated with 0.02N E.D.T.A. solution, 
using eriochrome black T as the indicator.
The complex (0.2 g„ ) was destroyed as in the zinc j
determination. The residue ras again dissolved in water and
r
dilute sodium carbonate solution added until a faint 
permanent precipitate remained. This was then removed with 
a few drops of acetic acid to give a pH of about 5* Potassium 
iodide was added and the liberated iodine titrated with 
0.05H sodium thiosulphate solution using starch solution 
as the indicator near the end point.
(c) Nickel
The complex (0.2-0.3 8*) was destroyed as in the zinc
determination. The residue was dissolved in water (200 ml)
and dilute hydrochloric acid (10 ml) added. A slight excess
of dimethylglyoxime reagent was added to the solution at 80°
and immediately dilute ammonia was added dropwise until also
in slight excess. The resulting suspension was heated at
100° for thirty minutes, tested for complete precipitation, 
allowed to cool and then filtered through a sintered glass
crucible. The precipitate was washed with water and dried
o
to constant weight at 120 •
(d) Cobalt
The complex (0.2 g.) was destroyed as in the zinc
determination. The residue was dissolved in water and
ammonium thiocyanate (1*0 g. for each 0.1 g. of cohalt) 
added. Pyridine was then added dropwise until a precipitate 
appeared. Heating to about 80° caused the precipitate to 
dissolve, at which stage more pyridine (1.5 nil for each 0.1 g* 
of cobalt) was added and the solution immediately allowed to 
cool. The precipitate was filtered off in a sintered glass 
crucible, washed successively with water, ethanol and ether, 
each containing a small amount of pyridine, and dried to 
constant weight in a vacuum desiccator.
(e) Iron
The complex (0.8 g.) was ignited to ferric oxide in a 
porcelain crucible.
(f) Manganese
The complex (0*1—0.2 g.) was destroyed as in the zinc 
determination, care being taken not to form manganese 
dioxide by heating the residue after the evaporation of the 
acids. The residue was dissolved in water and Rochelle salt 
(sodium potassium tartrate, 1.5 g«) was added to prevent the 
precipitation of manganous hydroxide, together with ascorbic 
acid (0.5 g») to prevent the oxidation of the manganese(IX) - 
E.D.T.A, complex. A two— or threefold excess of 0.02N 
E.D.T.A. solution was added and the solution heated to about 
70°, After cooling, the pH was adjusted to 10 by the
addition of a buffer solution and the solution was titrated 
with 0.02N zinc sulphate solution using eriochrome black T 
as the indicator.
(g) Chromium
Four different methods have been used for the determina­
tion of chromium. Method (i) was most convenient9 but 
required a comparatively large amount of compound.
Method (iii) was less convenient than method (ii) due to the 
necessity of neutralizing a large volume of concentrated 
acid.. Method (iv) could be carried out in the shortest time,, 
but it was suitable only if the chromium went into solution 
on heating with potassium bromate and dilute sulphuric acid0
(i) The complex (0.6 g.) was ignited to chromic 
oxide in a porcelain crucible. Slightly higher residue 
weights (about 1%) were obtained if a few drops of 
concentrated sulphuric acid and nitric acid were added* 
either before or after the complex had been heated.
(ii) The complex (0.1-0.2 g.) was destroyed as In 
the zinc determination. The chromium residue was then 
oxidised to the hexavalent state by heating for several 
hours with concentrated perchloric aoid (25 ml) Just 
below the boiling point. The cooled solution was
diluted and an excess of 0.05N ferrous ammonium sulphate 
solution added. The solution was then titrated with 
0.05N potassium permanganate solution using B.D.H. 
1,10-phenanthroline - ferrous sulphate - complex as the 
indicator.
(iii) The complex (,0.1 g. ) was destroyed by adding 
concentrated sulphuric acid (45 ml) and concentrated 
nitric acid (10 ml) and then evaporating off all the 
remaining nitric acid. The large volume of concentrated 
sulphuric acid was neoessary to avoid the precipitation 
of a pink insoluble compound. The solution was diluted* 
neutralized with ammonia and then made acid with the 
addition of dilute sulphuric acid (10 ml). Decinormal 
silver nitrate solution (20 ml) and ammonium persulphate 
(10 g.) were added and the solution boiled gently for 
forty minutes. Excess 0.05N ferrous ammonium sulphate 
solution was added to the cooled solution which was then 
titrated with 0.05N potassium permanganate solution 
using B.D.H. 1,10-phenanthroline - ferrous sulphate- 
complex as the indicator.
(iv) Water (50 ml) containing concentrated sulphuric 
acid (3 ml) was added to the complex (0.1-0.2 g.). 
Potassium bromate (l g.) was then added and the mixture
warmed until all the effervescence had subsided* The 
solution was filtered and boiled for fifteen minutes with 
more potassium bromate (l g.). A hot concentrated 
solution of ammonium sulphate (5 g») was added to the 
hot solution which was then boiled for forty minutes. 
Normal hydrochloric acid.(lO ml) was added and boiling 
continued until starch-iodide paper was not stained.
The solution was cooled, concentrated hydrochloric acid 
(12 ml) and potassium iodide (l g.) added, and the
liberated iodine titrated with 0.05N sodium thiosulphate 
solution using starch solution as the indicator near the 
end point.
(h) Vanadium
The complex (0.1-0.2 g.) was destroyed as in the zinc 
determination. Concentrated perchloric acid (30 ml) was 
then added and the solution heated for several hours to 
oxidise the vanadium to the pentavalent state. The solution was 
then cooled, diluted and phosphoric acid (10 ml) added.
Excess 0.05N ferrous ammonium sulphate solution was added 
and the solution titrated with 0.05N potassium permanganate 
solution using B.D.H. 1,10-phenanthroline-ferrous sulphate- 
complex as the indicator.
(i) Chlorine
Water (l ml) and ahout a 10$ excess of solid silver 
nitrate was added to the complex (0. 1-0*2g.) • Concentrated 
nitric acid (50 ml) was added and the suspension warmed for 
an hour. It was then cooled, diluted and filtered through 
a entered glass crucible* The precipitate was washed with 
dilute nitric acid, ethanol, carbon disulphide and ether, 
and dried to constant weight in a vacuum desiccator*
;r
' ;(■
(3) MAGNETIC MEASUREMENTS * j
The G-ouy method was used to measure the magnetic I
susceptibility, usually over the temperature range 90-— 300°K. j
The construction of the balance has been described previously [l9ll«
The temperature was controlled by means of a eryostat which was 
very similar to one reported earlier [192], The sample tube was
suspended as shown in Pig. if., the temperature being measured by a 1
’f
thermocouple near the centre of the tube. If the solid was !
oxygen-sensitive the sample tube was sealed off under vacuum as jf
described on page 35. The weight of the sample was checked
HI
after the measurements had been carried out, by breaking the tube* It
cleaning the two ends, and subtracting their total weight from the 
total weight of the tube and the sample. All measurements were 1
■  i ii;
carried out under nitrogen which has negligible magnetic susceptibili&i j
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The gram susceptibility is given by the expression
o
-y - 2^iw 
2
WH
where g = acceleration due to gravity*
1 = length of sample.
w = change in weight on application of the field.
W = weight of sample.
H = field strength.
A diamagnetic correction for the sample tube had to be
made to w before it could be substituted in the above formula.
Since the diamagnetism of a glass tube varies with temperature9
each tube had to be calibrated over the range studied. The gram
susceptibility was multiplied by the molecular weight to give the
molar s u s c e p t i b i l i t y 9 an& a correction applied for the
diamagnetism of the ligands using Pascal*s constants [193] to
give the corrected molar s u s c e p t i b i l i t y e f f e c t i v e
magnetic moment u, was then calculated using the formula,ef x
^eff =
where T = absolute temperature.
(4) INFRARED MEASUREMENTS
Infrared spectra were initially recorded as nujol and 
hexachlorobutadiene mulls between sodium chloride plates over
“"1the range 5,000-650 cm using a Unicam S.P. 200 spectrophotometer. 
However, all the data quoted were obtained from spectra recorded 
as mulls between potassium bromide plates bver the range 5,000-400cm 
with a Perkin-Elmer 337, a G-rubb Parsons U.S. 2A, or a G-rubb 
Parsons "Spectromastern spectrophotometer. A glove box filled 
with nitrogen was used for sample preparation if the compound 
was very oxygen-sensitive.
(5) VISIBLE AND ULTRA-VIOLET MEASUREMENTS
(a) Diffuse Reflectance Spectra
Diffuse reflectance spectra were recorded over the 
range 330-1000 mp, using a Unicam S.P. 500 spectrophotometer with 
a reflectance attachment containing a magnesium carbonate block 
as a reference. If the sample was oxygen—sensitive the 
apparatus shown in Fig. 5 was used, A notched tube was placed 
as shown and the apparatus connected to the main apparatus at C 
via a short piece of rubber tubing. The apparatus was filled with 
nitrogen and the notched tube broken. The cell was then 
completely filled with the compound by gently tapping the 
apparatus. The cell was sealed off under vacuum at M. The cell 
and its joint, to which heat-resistant grease had been applied, 
were protected during the sealing off process with wet asbestos
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paper. The cell, made to the correct dimensions "by Thermal 
Syndicate Ltd., Wallsend, Northumberland, just fitted into the 
reflectance attachment which, however, had to be adapted by 
removing a small piece of metal to accommodate the side-arm. In 
some cases the reflectance spectra were also recorded in air using 
a Unicam S.P. 800 recording spectrophotometer. Although the 
spectra obtained were not as well resolved as those obtained from 
the Unicam S.P. 500 spectrophotometer, they served as a useful 
check. Since only a short time is required to obtain a spectrum, 
the Unicam S.P. 800 spectrophotometer could be used for samples 
which were only slightly oxygen-sensitive.
(b) Solution Spectra
Solution spectra were recorded in dimethylformamide over 
the range 275-850 m^ i using a Unicam S.P. 800 spectrophotometer and 
1 cm. silica cells. The apparatus used (Pig. 6) was connected to 
the main apparatus at A via a glass connection. If the compound 
was oxygen-sensitive a notched tube was placed as shown. 
Alternatively, if it was only oxygen—sensitive in solution, the 
compound was weighed into the blunt end of the ball joint. The 
apparatus, without the cell section, was weighed and the required 
volume of solvent placed in the flask. The solvent was deoxygerrated 
and the apparatus reweighed to give the weight of the solvent used. 
The previously weighed cell section was then attached, and the
50.
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whole apparatus filled with nitrogen* A solution was made and 
the cell filled. This was detached and placed in the cell 
housing of the spectrophotometer. Dilution was carried out by 
deoxygenating fresh solvent and mixing it with that already in 
the cell* the weight of solution in the cell "being found by 
difference. The cell was then refilled with the diluted solution,. 
If a notched tube had been used, the sample weight was checked by 
weighing the two empty pieces,
(6) CONDUCTANCE MEASUREMENTS
Molar conductivities were determined at 25° in
dimethylformamide using a Philips G-M 4249 conductance bridge and
-3a conductance cell as shown in Eig. 7» Approximately 10 molar
r-3
solutions were used. The cell constant was determined using 10 N 
potassium chloride solution.. If the compound was oxygen-sensitive 
a notched tube was placed as shown. Alternatively, if it was 
only,oxygen—sensitive in solution, the compound was weighed into 
the blunt end of the ball joint. The required volume of solvent 
was placed in the conductance cell and the apparatus connected 
to the main apparatus at C via a short piece of rubber tubing.
The solvent was deoxygenated, the apparatus filled with nitrogen 
and the resistance of the solvent found. A solution was then
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made, its resistance measured and the molar conductivity of the 
compound calculated.
(7) X-RAY DIFFRACTION MEASUREMENTS
Powder patterns were obtained using a Philips camera of 
diameter 5«73 and iron-filtered cobalt radiation (30kV., 6mA.).
A glass fibre was coated with a thin layer of glue and then with 
finely powdered sample. If the sample was oxygen-sensitive it 
was also coated with diluted collodion. The glass fibre was 
aligned in the camera, the film inserted and the sample irradiated 
for three hours. The film was then developed and the relative 
intensities estimated visually.
(8) OXYG-EN ABSORPTION MEASUREMENTS
Bis(o-aminobenzenethiol)cobalt(II) (2.5 g.) was prepared 
in the normal way (page 60 ) and filtered off onto a sintered disc 
with a tap at either end. The volume between the taps had been 
found previously. The apparatus was filled with degassed acetone 
and attached to a flask containing more acetone. The flask 
also contained a magnetic stirrer and was attached to the gas-burett* 
The acetone in the flask was degassed and the flask filled with 
oxygen. The flask was then shaken and the acetone allowed to
54*
equilibrate with the oxygen* The tap joining the flask to the 
apparatus containing the brown cobalt compound was opened and the 
compound and the degassed acetone shaken into the flask. The 
oxygen absorbed by the compound and the degassed acetone was then 
measured, the total absorption time being about twenty hours*
The volume of oxygen absorbed per mole of compound was calculated 
and reduced to N*T*P*
Attempts were made to measure the oxygen absorbed when 
the brown compound was prepared from cobalt chloride 1 in situ1, 
and when the compound was oxidised in sodium hydroxide, However, 
in both cases a large volume of oxygen was absorbed and the 
reaction took a long time to reach completion. Therefore the 
reactions were not continued with. An attempt was also made to 
perform the oxidation in dimethylformamide. However,
dimethylformamide solutions of the blue oxidised product are 
oxidised further and a large volume of oxygen was absorbed giving 
a black solid.
Because the absorption of oxygen at room temperature did 
not give the same product as that obtained with boiling acetone in 
air, attempts were made to measure the oxygen absorbed at a tempera- 
ture just below the boiling point of acetone. The compound (2.0 g«) 
was prepared in the normal way and sealed under vacuum in a wide- 
bore glass tube. A flask containing acetone and a ball and socket
joint was connected to the gas-burette via a condenser. The tube 
containing the compound was then notched and put into the ball and 
socket joint. The acetone was degassed and the flask filled with 
oxygen. The acetone was then heated to boiling by means of a 
surrounding chloroform bath and the contents of the flask allowed 
to equilibrate. The tube was broken and the two pieces allowed to 
drop quickly into 'the acetone. Oxygen then filled the space which
had been occupied by the tube. The flask was allowed to cool some­
what; it was then shaken vigorously in order to allow oxygen to 
come into contact with the compound. The acetone was heated to 
boiling and the contents of the flask again allowed to equilibrate® 
This series of operations was repeated until no more oxygen was 
absorbed, the total absorption time again being about twenty hours* 
The volume of oxygen absorbed per mole of compound was calculated 
and reduced to N.T.P. Unfortunately, as in the room temperature 
measurements, a different product to that obtained with boiling 
acetone in air was formed.
(9) PURIFICATION OP REAGENTS
Although AnalaR reagents were normally used, several 
were purified as described beloY/,
(a) o-Aminobengenethiol
Reagent grade o-aminobensenethiol was purified by
distillation under a reduced pressure of nitrogen (b.p„76°, 
2mm*), care being taken to avoid skin contact because of 
the risk of severe dermatitis* Aerial oxidation caused 
immediate yellowing and the formation of bis(o—aminophenyl)- 
disulphide whioh soon separated out as a solid. The purified 
o-aminobenzenethiol was therefore stored under nitrogen,
(b) Dimethylformamide
Reagent grade dimethylformamide wae dried over barium 
oxide and distilled under a reduced pressure of nitrogen 
(b.p. 54°, lfhum#). It was stored under nitrogen.
AnalaR cuprous chloride was washed with deoxygenated 
dilute hydrochloric acid and deoxygenated water, dried under 
vacuum and stored under nitrogen.
(d) Cobaltous acetate
Reagent grade cobaltous acetate tetrehydrate was 
recrystallized from dilute acetic acid, washed with 96% 
ethanol and dried at 45°#
(e) Potassium ethyl xanthate
Technical grade potassium ethyl xanthate was recrystallised 
from absolute ethanol and dried under vacuum.
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(l) PREPARATIONS
All the compounds were pr&pared under nitrogen unless 
otherwise stated. AnalaR or equivalent grade reagents were used, 
although a few were purified as described on page 55 • Of the
compounds prepared, only bis(o—iminobenzenethiol)nickel could be 
recrystallized.
(a) Bis (o-aminobenzenethiol)zinc(II)
Bis(o-nitrophenyl)disulphide(lXj m.p. 195°, lit. m.p. 
192—195° [194]) was prepared in air from sodium disulphide and 
o—nitrochlorobenzene [194]* The zinc complex was then made in 
air by the reduction of bis(o—nitrophenyl)disulphide with zinc 
and glacial acetic acid [71]*
Oalcd. for Zn(NH2CgH^S)2 : Zn, 20.84*
Pound : Zn, 20.74.
The zinc complex was also made in air by the reduction 
of bis(o-nitrophenyl)disulphide with zinc, glacial acetic acid 
and concentrated hydrochloric acid [72].
Pound : Zn, 20.80.
A further preparation in air involved the slow addition 
of a solution of o-aminobenzenethiol (3*43 ml* 0.032 mole) in 
96% ethanol (50 ml) to a solution of zinc sulphate (4*60 S*>
0.016 mole) in 50% ethanol (200 ml). The white complex was
filtered off, washed with water and ethanol, and dried under 
vacuum*
Found : Zn, 20.54*
Pure compounds were obtained by all three preparations 
as indicated by the analysis figures and identical infrared 
spectra* of the products. The preparation from o-aminobenzenethiol 
was much more convenient than2those involving the reduction of 
bis(o-nitrophenyl)disulphide, and similar direct preparative 
methods have recently been reported by other workers [73-*75].
(b) Bis (o—aminobenzenethiol)nickel(II)
The compound was made in a similar manner to reported 
methods [77* 78] but under nitrogen. A solution of o-aminobenzene­
thiol (4*28 ml, 0.04 mole) in 60% ethanol (50 ml) was slowly added 
to a solution of nickel chloride (4*75g.» 0.02 mole) also in 60% 
ethanol (150 ml) at 40°. The yellow complex was filtered off, 
washed with 60% ethanol, absolute ethanol and acetone, and dried 
under vacuum at about 50°.
Calcd. for Ni(NH2C6HZj_S)2 ; C, 46.96; H,3.94j N,9.13; Ni,19.13.
Found : C, 45.93*47.16; H,3.72,3.91; N,9.53;
Ni,19.12.
(c) Bis(o—iminobenzenethiol)nickel
When this compound was first reported it was thought to 
be a binuclear oxygen-bridged nickel(lV) complex(Xl)[77*79*80].
60®
A similar preparation was used here, A solution of o-aminobenzene- 
thiol (4*50 ml, 0,04-2 mole) in 9&%> ethanol (25 ml) was added in 
air to a solution of nickel nitrate(5.82 g. , 0,02 mole) also in 
96% ethanol (75 ml). Immediately 2N sodium hydroxide (500 ml) 
and 20 volume hydrogen peroxide (100 ml) were added with stirring* 
After stirring for thirty minutes the blue precipitate was 
filtered off, washed with water, absolute ethanol and ether, and 
dried under vacuum. Although the compound was not very soluble, 
it was possible to recrystallize it from ether or benzen^
Calcd. for Ni(NHCgH^S)2 : 0,47*26; H,3*30; N,9*l8; Ni,19*25; 0,0* 
Pound(recrystallized from benzene) : C,47*23*47*70; H,3*51*2,97!
N,8.78; Ni,19.16; 0,1.12,0,78* 
In an alternative preparation from nickel chloride, 
a smaller volume of sodium hydroxide (20 ml per 0,01 mole of 
nickel chloride) was used. No hydrogen peroxide was added, 
oxygen being bubbled through the solution for three hours.
Pound: 0,47.50; H,3.14; N,8.39; 0,0.69.
(d) Bis(o-aminobenzenethiol)cobalt(II)
A solution of o—aminobenzenethiol (1.71 ml, 0.016 mole) 
in 9&%> ethanol (10 ml) was slowly added to a solution of cobalt 
acetate(l.99 S., 0.008 mole) in 50% ethanol (60 ml) at 50°. The 
orange-brown complex was filtered off, washed with 6o%> ethanol and 
absolute ethanol, and dried under vacuum at about 50°.
61.
Calod. for- Co(NH2CgH^S)2 : C,46.92; H,3.94; Co,19.19; N,9*12*
Found i c,46.84; H,4.03; Co,19.18; N,9.o6.
Found(further preparation) s C,46.87; H,3.85; Co,18.91; N,9*28.
(e) Tris (o-amino'benzenethiol) cobalt (ill)
The compound was prepared in air by a modification of 
the published method [77]. A solution of cobaltous chloride 
(6.00 g., 0.0252 mole) and ammonium chloride(6.00 g. , 0.112 mole) 
in aqueous ammonia (200 ml of 0.880 ammonia and 60 ml of water) 
was added to a solution of o-aminobenzenethiol (7*80 ml, 0.0729 mole) 
in 96% ethanol (60 ml). The suspension was stirred for thirty 
minutes and filtered. The dark green precipitate was washed with 
aqueous ammonia, water, ethanol and ether, and then dried under 
vacuum*
Calcd* for Co(NH^H^S)^ s C,50.13; H,4.20; Co,13.66; N,9.74.
Found i C,50.04; H,4.17; Co,13.59,* N,9.68.
The published method [77] states that this compound can 
be prepared under nitrogen. However, preparations using this 
method were unsuccessful and it is difficult to see how the 
oxidation could occur under these conditions.
(f ) '
Yfhen this substance was first reported it was thought to 
be bis(o-aminobenzenethiol)cobalt(II) [78]. A similar preparation 
was used here. Deoxygenated acetone (250 ml) was added to
bis(o—aminobenzenethiol)cobalt(II) (2g.) under nitrogen. The j
suspension was then boiled in a large evaporating basin in air for j
two hours. The dark blue solid was filtered off, washed with ]j
acetone and dried under vacuum, |.|
Calcd. for Co (NHgCgH^S ) 20H : C, 44.46; H,4.04; Co,18.18; N, 8. 64; 0,4.94. '
Calcd. for Co (NHgCgH^S) 20 : C,44.60; H,3.74; Co,18.24; N,8. 67;0,4.95. j|
I P
Found i  C*44.26; H,4.02; Co,17.88; N,8S 63; 0,4.87. i f
!  j i
Found(further preparation) : 0,44.66; H,3.99; Co,17.96; N,8,56;0, 3*40, j 
Hence the analysis figures do not differentiate between j i
the two possible empirical formulae, although Co(HH^C^H^S)^OH j j
seems most likely, j
j
Attempts were made to prepare this substance by bubbling j
oxygen through a suspension of bis(o-aminobenzenethiol)cobalt(il) j
j
in the presence of sodium hydroxide. Although a blue substance 
was formed, the preparation gave products which were not j
f
reproducible. |
Found: 0,36.07,35.93; H,3.40,3.69; Co,27.70; n,6„83; 0,10.22; j
|^eff = 4.0 B. M.
Found(further preparation) : Co,22.77. j
The infrared spectra of these products were similar to
that of * Co(NH^C^H^S)g0(H)* except for a sharp hydroxide
—1absorption at 3665 cm . it appears from the analysis figures, 
infrared spectra and magnetic moment that cobaltous hydroxide is 
present in the products.
63*
(g) o~Aminobenzenethiolcopper(i)
A solution of o-aminobenzenethiol(3#2l ml, 0.03 mole) in 
$6% ethanol (30 ml) was slowly added to a solution of cuprous 
chloride (2,97 S*, 0,03 mole) in 0*880 ammonia (223 ml). After 
shaking for thirty minutes, the white precipitate was filtered off, 
washed with a solution of nine parts 0*880 ammonia and two parts
9&fo ethanol, and then with absolute ethanol* The compound was
dried under vacuum at about 40°.
Calcd, for CuSCgH^NHg : C,38*39; H,3.22,* Cu,33.86; N,7.4-6.
Found : C,38*32; H,3.21; Cu,33.86; N,7.27*
Because the preparation of a copper(ll) o-aminobenzene- 
thiol complex had been reported [75], attempts were made to 
prepare this compound by the addition of a slight excess of 
o—aminobenzenethiol to both cupric acetate and cupric nitrate in 
a.queous ethanol. However, in both cases reduction of the copper(ll) 
salt occurred forming o—aminobenzenethiolcopper(i) and 
bis(o-aminophenyl)disulphide, o—Aminobenzenethiolcopper(l)? which 
slowly darkens in air to a grey—blue colour, was identified from 
its diamagnetism, infrared spectrum and percentage copper*
Bis(o—aminophenyl)disulphide was identified from its infrared 
spectrum and melting point (92°, lit. m.p. 93°[l93]). 
o—Aminobenzenethiol also reduced cupric acetate, cupric nitrate and 
cupric ammonium chloride in ethanolic ammonia to give the copper(l) 
complex.
Ferrous sulphate was used for the preparation of this 
compound. However, it was necessary to remove the sulphuric acid j 
formed in the reaction in order to obtain a pure product. To avoid I 
the formation of hydrated oxides of iron from any slight excess of 
sodium hydroxide, about a 20% deficiency of sodium hydroxide was 
used and the remaining sulphuric acid neutralized with excess 
sodium acetate,
A solution of o-aminobenzenethiol (4*21 ml, 0,0393 mole), 
sodium hydroxide(l.28 g,, 0,032 mole) and sodium acetate(l.63 g*,
0,012 mole) in 33%> ethanol (100 ml) was slowly added to a solution 
of ferrous sulphate( 5 * »  0.02 mole) also in 33%> ethanol (120 ml) 
at 33°, After shaking for forty minutes at 35° the pale yellow 
precipitate was filtered off, washed with water, absolute ethanol 
and acetone, and dried under vacuum at about 40°.
Calcd. for Fe(WH2CgH4S)2 s C,47.39; H,3.98j Fe,18,35; N,9.21.
Found : C,47.19; H,4.12; Fe,18.35; N,9.04.
It was impossible to precipitate bis(o-aminobenzenethiol)— 
iron(ll) by mixing aqueous ethanolic solutions of o—aminobenzenethiol 
and ferrous ammonium sulphate. Possibly the pH of the solution was -[
too low for the precipitation of the complex. In an attempt to 
prepare the iron(lll) complex, o-aminobenzenethiol and ferric j
ammonium sulphate were mixed in 30% ethanol at 35°. However, the j !
o-aminobenzenethiol was oxidised by the ferric ammonium sulphate 
and both bis(o-aminophenyl)disulphide and ferrous ammonium 
sulphate were precipitated on cooling* The precipitates were 
filtered off and washed with absolute ethanol which dissolved the 
bis(o~aminophenyl)disulphide. The disulphide was then allowed 
to crystallize on evaporation of the ethanol and identified from 
its infrared spectrum and melting point(92°, lit m.p. 93° [195])- 
The ferrous ammonium sulphate was identified from its colour, 
infrared spectrum, positive tests for sulphate, ammonia and 
iron(ll), and negative test for iron(lll). Ferric acetate, ferric 
chloride and ferric nitrate were reduced by excess o—aminobenzene— 
thiol in air; however, in these cases bis(o— aminobenzenethiol)*- 
iron(ll) which darkened quickly in air, was precipitated. Iron(lll) 
is also reduced to iron(ll) in the presence of the dialkyldithio- 
phosphate ion [182].
(i) Bis(o-aminobenzenethiol)manganese(II)
A solution of o-aminobenzenethiol (4*28 ml, 0.04 mole) 
in 7576 ethanol (50 ml) was slowly added to a solution of 
manganous aoetate(4.90 g., 0.02 mole) also in 75# ethanol (100 ml) 
a“k 45°. The pale cream precipitate was filtered off, washed with 
15% ethanol and absolute ethanol, and dried under vacuum at about 
45°.
Calcd. for Mn(NH2C6H4S)2 : C,47.54,‘ H,3.99>* Mn,l8.12; N,9.24.
Found : C,47.51,* H,4.H; Mn,l8.04,* N,8.99.
The complex was also made by reduction of potassium I
permanganate with excess o-aminobenzenethiol in 50% ethanol:
2H+ + 14NH2CgH4SH + 2MnO^“ --- *■ 2Mn(NH2CgH, S)2+5(NH2CgH4S)2 + 8 ^ 0
Bis(o-aminobenzenethiol)manganese(ll) was identified from its 
infrared spectrum and bis(o-aminophenyl)disulphide from its 
melting point (92°, lit m.p. 93°[195]) an& infrared spectrum.
( j ) Bis(o-aminobenzenethiol)chromium(II)
A solution of o-aminobenzenethiol (5*30 ml, 0.0495 mole) 
in 50% ethanol (50 ml) was slowly added to a solution of chromous 
chloride(prepared from 1.35g. chromium, 0.0259 mole) also in 
50% ethanol (40 ml). The dull green suspension was shaken 
vigorously for forty minutes and then left overnight. The 
precipitate, which had become light blue within an hour, was 
filtered off, washed well with 50% ethanol and absolute ethanol, 
and dried under vacuum.
Calcd. for Cr(NH2C6H^S)2 ? C,48.00; H,4.03; Cr,17.32; N,9.33.
Found(preparation 1) : Cr,15*67(analysis method i).
Found(preparation 2) : C,48.34? H,4.25; Cr,15.57(&nalysis methoddd);
N,9.64«
Found(preparation 3) : C,47*35; H,4.31; Cr, 15*72(analysis method ii);
N,9.45.
Found(preparation 4) : C,48.14; H,3.95; Cr,15.84(&nalysis methodaii),
15«85(analysis method i); N,9.35.
Found(average) : 0,47.94; H,4.17j Cr,15.70; N,9.48.
It was first thought that the metal analysis figures 
were at fault since consistent microanalysis figures* which agreed 
with those expected for his(o-aminobenzenethiol)chromium(ll)* 
were obtained* However* many metal determinations by different 
methods agreed so it now appears that the complex is contaminated 
with excess ligand and possibly also with water. The compound 
was not dried above room temperature as it was noticed earlier 
that a change in colour occurred on heating.
Calod.for-CrCNHgCgH^Sjg.iNHgCgH^SHs C,48.90$ H,4.17$ Cr*15.70;
N,9.50.
(&) Oxobis( o-aminobenzenethiol)vanadium(IV)
A solution of o-aminobenzenethiol (4*28ml , 0*04 mole) 
in 50% ethanol (40ml) was slowly added to a solution of vanadyl 
sulphate (2.28g„ containing 22.3% vanadium* 0.01 mole) also in 
50% ethanol (200ml). After shaking* the lime green compound was 
filtered off, washed with 50% ethanol and absolute ethanol* and 
then dried under vacuum.
Calcd. for V0(NH2C6H^s )^  C,45.71$ H,3.84$ N*8.88; 0,5.07$ V,16.15.
Found : 0*45.82; H*3.91$ N,8.7^$ 0*4.95$ V,l6.11.
(2) PROPERTIES AND STRUCTURES
The very poor solubility of o-aminobenzenethiol complexes 
unfortunately prevents the measurement of many desirable properties,, 
such as magnetic moments in solution or molecular weights#
(a) Bis(o—aminobenzenethiol)zin o m i
The white complex contains no absorption bands in the 
visible region of its reflectance spectrum# In dimethylsulphoxide 
solution peaks are observed at 268m(_i and 30fmp.® The complex is 
diamagnetic (Table 1) and non-conducting in dimethylformamide 
(Table 2)# In many compounds, particularly thiol complexes 
(page 9 )* sulphur atoms have been reported to form bridges between 
metal atoms thereby increasing the coordination number of the metal 
atoms. Therefore, although the structure of bis(o-aminobenzenethio 
zinc(ll) may be tetrahedral, a six-coordinate structure involving 
bridging sulphur atoms is most likely,
(b) Bis(o-aminobenzenethiol)nickel(II)
The yellow complex slowly turns green in air. If the
compound is wet the change is more rapid and this fact presumably
accounts for the green colour recently reported for this compound
[75]. The complex is non-conducting in dimethylformamide (Table 2)
Its reflectance spectrum has bands at 394ni{i and 644&H (Fig. 8),
the latter possibly due to the ^A_  ► ^Bn transition.
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TABLE 2
Molar Conductivities of o-Aminobenzenethiol Complexes
— 3 o 
in 10 Molar Dimethylformamide solution at 25
Compound
Molar Conductivity
—1 —1 2 (ohm mole cm )
Bis(o-aminobenzenethiol)sine(II) 0.2
Bis(o-aminobenzenethiol)nickel(II) 1.3
Bis (o-*iminobenz ene thiol) nickel 0.5
Bis(o-aminobenzenethiol)cobalt(II) 5.0
Tris(o-aminobenzenethiol)cobalt(ill) 9.2
«c o (n h2c6h4s )2o (h )« 3.1
o-Aminobenzenethiolcopper(i)
Bis(o-aminobenzenethiol)iron(II)
Insoluble in 
dimethylformamide 
7.6
Bis(o-aminobenzenethiol)manganese(II) 0.3
Bis(o-aminobenzenethiol)chromium(II) 5.6
Oxobis(o-aminobenzenethiol)vanadium(IV) 6.3
The specific conductivity of the dimethylformamide used
—6 ~*1 ’ —1was usually ahout 1.45 x 10 ohm cm"” .
deal Molar Conductivities of Electrolytes 
under the same conditions
Electrolyte type Molar Conductivity range 
(ohm’"^ " mole  ^ Cm^)
M+X_ ’ 70-85[l96,197]
m 2+(x“)2 140-170[198]
K"\
r+
200-260[l98]
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The complex is low—spin (Table l) but has a small paramagnetic 
susceptibility which is constant over a range of temperature 
indicating some temperature independent paramagnetism (Table 3 
and Fig. 9).
The colour and low-spin behaviour of the complex suggest 
a planar structure. However, with divalent nickel, thiols have 
been reported to form polymeric complexes containing sulphur 
bridges [8]. Hence a polymeric structure(XXXXI), which is 
compatible
(XXXXI)
with the poor solubility of the compound, has been proposed for 
bis(o-aminobenzenethiol)nickel(XI) [77]* order for the
TABLE 3
ic Susceptibility Measurements on Nickel —
nzenetnioi uomT3j.exe
(a) Bis(o—aminobenzenethiol)nicke
TemP<(°K) 323.5 288.6 246.6 200.1 168.8 135.9 112.6 84.6
J Temp.(°K) 17.98 16.99 15.70 14.14 12.99 11.66 10.61 9.20
£ '
*X^ ixlO c,g« s. 22 22 22 24 22 22 18
units
22
0.24 0.23 0.21 0.20 0.17 0.16 0.13 0.12
Molecular weight 307« 0,. D'i&mogneii®. oorrection 15l£l0 c^g.s. units.
(b) Bis(o~iminobenzenethiol)nickel
Temp. (°K) 315.0 280.3 239.8 199.7 162.3 123.0 102.3 90.3 86.5
jlemp. (“lo 17.75 16.74 15.49 14.14 12.74 11.09 10.11 9.50 9.30
‘Xlvr.xlO e.g.s. 47 5& ^0 69 83"Ni
units
87 96 100 101
0.35 0.35 0.34 0.33 0.33 O.29 0.28 0.27 0.26
Molecular weight 305.0, Diamagnetic correction 145xl0""^c.g. s. unit
N
i(N
H
C
,H
.S
)
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75
compound to be diamagnetic, the six-coordinate structure must he 
tetragonally distorted. Many such structures have been claimed, 
that of diiodohis(o-phenylenebisdimethylarsine)nickel(II) being
I
supported by a crystal structure determination [199]* j
Diamagnetic diiodotetrakis(ethylenethiourea)nickel(il), which
—"3is a non-electrolyte at concentrations greater than 10 M, has
I
also been reported to have a similar distorted octahedral |
!
structure[36]• !
The blue compound is non-conducting in dimethylformamide 
(Table 2). Its acetone solution in air is dark violat with 
absorption bands at 528m^'(e = 1,760) and 8o6mp, (e = 37?500).
Its reflectance spectrum (Fig, 8), although similar to its 
solution spectrum, is very poorly resolved.
The complex is low-spin (Table l) but has a small 
positive magnetic susceptibility which increases on lowering 
the temperature (Table 3)* indicating the presence of a 
paramagnetic impurity. The small magnetic moment also varies 
with temperature (Table 3 and Fig, 9)* so it seems likely that 
some temperature independent paramagnetism is also present.
For such a case, the observed magnetic susceptibility is
given by the expression:
Y  - (I99z&) V  + Y
^0  ^ 100 J *T v100' *1
where = temperature independent paramagnetism#
= magnetic susceptibility of impurity, 
p = percentage of impurity present.
If p is small, %  = + ( ^ X j .   (1)
If the impurity is assumed to he a high-spin nickel(II) 
compound with a temperature independent magnetic moment of
3.0B.M,, the values of %  and 7C. at various temperatures may he
0 J-
suhstituted in equation (l). H e n c e a n d  p can he found hy
solving simultaneous equations. Using the ahove method, it is
found that ahout of the nickel is present as impurity and the
temperature independent para.magnetic contribution to the magnetic
—6susceptihility is ahout 35x10“" e.g. s. units.
The infrared spectrum contains a single sharp N-H 
stretching hand (Fig, 10). All the other o-aminobenzenethiol 
complexes prepared have composite absorptions in this region due 
to symmetric and asymmetric NH^ stretching vibrations (Table 4). 
This single strong absorption at 3*300 cm"’*' also occurs in a 
similar compound (XXXXIl) which contains imino-groups and no 
amino-groups [200]. Therefore this evidence suggests
O T ­
T O
(XXXXIl) (XXXXIII)NH,
-NH,
(XXXXIV)
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nfrared Absorr>tion Frequencies of o-Aminobenzenethiol Complexes
o-AminoTDenzene-
thiol
Zn(ABT)g Ni(ABT)2 Ni(lBT)g Co(ABT)g Co(ABT)5
Assign­
ment
345 Os 3235s 3165s 3300s 3270s 3280m
3365s 3085m 3105m ^(NH) 3155s 3240s
3195m
3070m
3020w
3050s , 3050s 3075vw
3060vw
3040vw
3090s 3140s
3100s
3075s
3045s
25 20m -S(SH)
l6o9vs
,1585s 1585s 1571m 1582s 1584s
1537s 1368m 1522w
6(NH)
1556s 1541m 6(NH2)
148ovs
1447s
14653
1437m
1369vw
1306vw
1546m
1535s
1466s
1457m
1456m
1445w
143lw
1345m
1470 s 
1438m
1529m 
1470 s 
1435m
1301s
1237m
1266m
1201w
1297s
1263m
1203m
1262m
1212m
1298vw
1267m
1210w
1296vw ^(CN)
1263w
1199w
1157m ll6lw 1152vs 1128w ll68w 1150w R , ^
1139m
1088m
1026m
1129w
1110s
1057m
1035m
1122m
1063m
1034m
1060m ll60w
1088m
1062m
1035w
1134m
1122s
1064w
1032m
region
932w 975vw
939m
979w
935s
937m 971w
945w
928w
936w
TABLE A ( Cont. )
o-AminoBenzene-
thiol
Zn(ABT)g Ni(ABT), Ni(lBT) 2 Co(ABT^ Co(ABT)^ Assign­
ment
908m 8(SH)
851w
834w
749 vs
8l8m
746vs
830w
753m
^748vs 
731m 
725s
852w 
757m 
748 s 
7 2 0s 
691w
823w 
749 s
735vs
860w
8l7w
7 6 0s
7 52vs
717®
673w 675m 688m 673s 680w 682m *(CS)
557w
532m
4&5w
434m
583w
567m
501w
430m
660w 
622w 
580m 
505VW 
435s
591m 
462vw 
447m 
437w
563w 
537m 
48 6w 
424m
647w
563w
505vw
433m
(ABT = NHgC^H^S, IBT = NHCgH^S)
Co(ABT)20(H) CuABT Ee(ABT) 2 Mn(ABT) 2 Cr(ABT) 2 V0(ABT) 2 Assign­
ment
3485w ■*(0H)
3 280m 3335® 3295s 3275s 3275s 3195s V NV
3240s 3215m 3 1 4 0s 3 1 2 5s 3090m 3 0 6 0s -^(n h2:
3140b
3 1 0 0s
3075s
3045s
3060vw 3085s 3 0 8 5s 3 0 0 0s 3 0 0 0s
TABLE 4 (Cont, )
Co (ABT)20(H) CuABT Fe(ABT)2 Mn(ABT)2 Cr(ABT)2 V0(ABT)2 Assign­
ment
1583s 1578s 1584s 1581s 1582s 1584m
1541m 1566m 1547m 1555s 1539s 1519s 6(NH2)
1529m 1542 s 1 4 6 8s 1472s 1 4 6 8s 1468 s
1470 s 
1436m 
1340vw
1571s
1439s
1438m 12f40m 1435m 1442m
1304vw
1296vw 1278m 1289vw 1297vw 1291w 1271m ■O(CN)
1263w
1199w
1221m 1274m 
1262w 
119 Of IT
1268m
1210w
1 2 6 6s
1203w
1191w
1225w
1150w 1151m 1152vw 1167w 1157m 1176w fu(*V
region
1134m 1109w 1078s ll60w 1131m ll63fw
1121s 1055w 1069m 1087m 1118s 1149m
1063w
1031m
1031W 1057w
1042m
1 0 6lm
1036w
1062m
1034m
1125w
1062m
1031w
938w 944s 938m 972w 942m 997vs
859w 929s 870yw 945w 870w 989vs
841 vw 858w 830w 928w 865w 932w
8l7w 817s 753s 823w 818m 865w
76ls
753ys
733vw
717m
753w
738vs
716m
742vs 749 s 
736vs
751s
745vs
718w
82 5vw 
749 s 
741f s 
719m
683m 67 3w 6 8lm 68 Ow 678m 683m N)(CS)
6481(7 560w 563w 563^ 6llw 632w
579vw 545w 55 5w 524m 571m 6l 5 w
564w 52 6w 537vw 47 6w 559fw 585w
504w
432m
455m
448w
428tt
521vw
4 89^
432m
4 2 1m 502w
433s
573w
503w
437m
4 2 8m
401w
an imino-structure(XXXXIIl) as indicated by the analysis figures, 
rather than the oxygen-bridged structure(XXXXIV) reported by 
Hieber and Bruck [77* 79* 8oJ* The oxygen absorption 
measurements by these workers [77] showed that one atom of 
oxygen per atom of nickel was absorbed in the preparation of this 
compound. However, this measurement is consistent with the 
formation of (XXXXIV) or hydrogen abstraction to form (XXXXIIl), 
and does not differentiate between the two structures* Other 
workers have recently produced supporting evidence for the 
imino-structure(XXXXIIl), particularly the molecular weight of 
the complex (304; calcd. for XXXXIIl, 305)* determined by mass 
spectroscopy [201, 202].
The compound can be considered to consist of either 
quadrivalent nickel and two dinegative imino—ligand molecules, or 
divalent nickel and two radical anions. However, as with the 
maleonitriledithiol and similar complexes [135]* it seems 
undesirable to assign a definite oxidation state to the nickel 
atom, a general molecular orbital formulation of the ground state 
being preferable.
(d) Bis(o—aminobenzenethiol)cobalt(II)
Analysis figures clearly show that the orange—brown 
compound, prepared by direct reaction in aqueous ethanol under 
nitrogen, is the true cobalt(II) complex. This compound darkens in
air, particularly when wet, Boiling a suspension of tho complex 
in acetone in air for two hours produces a dark blue solid which
was claimed, from carbon, hydrogen and nitrogen analyses, to be
the bis(o-aminobenzenethiol)—cobalt(II) complex [78]. However, 
boiling the suspension of the orange—brown compound in acetone 
under nitrogen has no effect on it, thereby showing that oxygen 
is neoessary in order to produce the blue colour* A further 
claim [75], that "deep blue bis(o-aminobenzenethiol)cobalt(il)* 
results on mixing o-aminobenzenethiol and cobalt acetate or 
cobalt nitrate in air in aqueous ethanol, is very surprising since 
the preliminary formation of the orange—brown compound is readily 
seen. Although the carbon, hydrogen and nitrogen analysis 
figures of the compound prepared are in agreement with the 
theoretical percentages quoted, these have been incorrectly 
calculated,
Calcd, for Co(NHgCgH^S)2 : 0,46.92; H,3.94; N,9.12.
Calcd. for Co(NH2C6H^S)2[75] i C,50.23; H,4.18; N,9.77.
Faund[75] : C,51.01,* H,4.38; N,9.74.
Orange-brown bis(o—aminobenzenethiol)cobalt(il) is 
non-conducting in dimethylformamide (Table 2), and gives a 
yellow-green solution with bands at 300mji (e = 18,300), 397m{u 
(e - 1,610) and 602mji (e = 293) (Fig. 11), The reflectance 
spectrum is different and has bands at 491mp, and 730mp (Fig, 12),
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Brown high-spin (Nepp ^ 3* 07B.M.) diiodobis(? , 5*“&ithiohexane) ~ 
cobalt(ll), which has Been stated to he six-coordinate as it is 
isomorphous.with the corresponding six-coordinate nickel(ll) 
compound, has an almost identical reflectance spectrum with hands 
at 490mji, 74-lmn and l,330mp [132].
Bis(o—aminobenzenethiol)cohalt(il) is high—spin with a
room temperature magnetic moment of 4*22B®M.«, It has a Curie-Weiss li
;! |
constant of 33°, the reciprocal magnetic susceptihility against 
temperature curve departing from linearity at the lower <
temperatures of the plot (Table 3 and Fig. 13)*
High-spin octahedral cohalt(il) compounds normally have
■i I
magnetic moments in the range 4#7-5* 2B#M., the moment decreasing 
on lowering the temperature because of the effect of spin-orhit 
coupling in lifting the degeneracy of the ground term.
Departures from octahedral symmetry can also lift the degeneracy 
of the ground term and thereby lower the room temperature 
magnetio moment so that it may approach the spin-only value.
No high-spin planar cohalt(il) complexes have yet been well- 
characterized. The square-planar complex [ (n-butyl^NjgtCo^NT)^] , 
(MNT = maleonitriledithiol ion), appears to he low-spin [121], 
despite an earlier claim that it is high-spin [118]. Tetrahedral 
cobalt(ll) compounds normally have temperature independent 
magnetic moments in the range 4*4~4*8B.M„ Hence, if
86,
TABLE 5
Magnetic Susceptibility Measurements on Cobalt — 
o-Aminobenzenethiol Complexes
(a) Bis (o-aminobensene thiol') cobalt (il)
Temp. (°K) 292.3 255.8 223.1 190.1 164.5 136.7 116.7 104.2 91.2
X j ^lO o.g.s. 7574 8456 9454 10731 11981 13681 15181 16261 17481
units
y
1 132.O' 118.2 105.8 93.2 83.5 73.1 65.9 61.5 57.2
\ o
H ff(B.M.) 4.22 4.17 4.12 4.06 3.99 3. §8 3.78 3.70 ^ 59
Molecular weight 307*2, Diamagnetic correction 151xl0*”^ c*g. s, units*
(b) Trie(o-aminobenzenethiol)coba!
Temp.(°K) 299.2 265.5 232.1 199.0 167.2 137.6 112.3 96.6
Leap.(°K) 17.30 16.30 15.23 14.11 12.93 11.73 10.59 9.83
X  xlO e.g. s. 106 114 116 137 156 174 205 234
Co
units
1 9430 8770 8620 7300 6410 5750 4880 4270
50
(B*M*) °*51 0,49 °*47 °*47 °*46 °'44 °*43 °*43
~6Molecular weight 431*3, Diamagnetic correction 226x10 c*g,s* units*
%  xlO e.g.s. 2 807 3142 3562 413S
Go
units
1 356.2 318.3 280.7 241.6
X .Go
Heff(B.M.) 2.58 . 2.55 2.53 2.52
4802 5536 7061 7453 8105
208.2 180.6 141.6 134.1 123.4
2.52 2.47 2.46 2.44 2.44
~6Moleoular weight 323*2, Diamagnetic correction 156x10" c*g«s# units.
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bis(o-aminobenzenethiol)cobalt(il) is tetrahedrally coordinated, 
the departure from the Curie-Weiss law and the large Curie—Weiss 
constant must he due to antiferromagnetic interactions* However, ;
antiferromagnetic interactions are unlikely to occur if the ■!
cohalt is indeed tetrahedrally coordinated. On the other hand, a 
six—coordinate structure could cause antiferromagnetic 
interactions through the bridging sulphur atoms, although in this j
case the departure from the Curie-Weiss law could also he due to 
the effect of spin-orhit coupling. A pseudo-octahedral 
structure is supported hy the reflectance spectrum (see above), 
and hy the fact that the infrared spectrum is almost identical to 
that of the manganese(il) complex (Table A)# which also does not |
seem to be tetrahedrally coordinated (page 109 ). The complex 
therefore appears to have a six—coordinate structure. On this 
basis, the two bands in the reflectance spectrum can be assigned
respectively to the (3?)  > ^T^ (P) and (]?)  >  ^ 2S
transitions. In dimethylformamide solution however, the 
cobalt(II) complex appears to have a tetrahedral structure as 
suggested by the position and intensity (e = 293) of the 602mja 
absorption band. Unfortunately poor solubility prevents the 
measurement of magnetic properties in solution,
90
( e ) Tris (o-aminobenzenethiol) cobalt (ill)
Although it was not possible to prepare this compound 
by the published method from cobaltous chloride under nitrogen
[77], it was prepared by a similar method in air*
The dark green compound is non-conducting in dimethyl-
formamide (Table 2) and gives a purple solution with bands at
300mp (e = 29,900), 495mn (e = 740), 564m[i (e = l,l6o) and
(e = 760) (Pig. 11). The reflectance spectrum, which is
different from that obtained in dimethylformamide solution,
has peaks at 384mp, and 395m|_i (Fig. 12). These two bands are in
similar positions to those found for other six—coordinate
1 1cobalt (ill) compounds, being due to the A^ — — » t and 
1 1
lg ^ ^lg ^rans -^^ -^ons* ^ e  compound is low-spin as expected,
However, the small paramagnetic susceptibility increases on 
lowering the temperature (Table 5 and Fig, 14), indicating the 
presence of a paramagnetic impurity. As the compound was 
prepared from cobaltous chloride, the impurity is presumably 
high-spin cobalt(ll) of similar magnetic susceptibility to 
bis(o-aminobenzenethiol)cobalt(il). The percentage of 
cobalt(ll) present can then be calculated from equation(l)
(page 76 ) and is found to be about 1 whilst the temperature 
independent paramagnetism of the compound is found to contribute 
about 20 e.g.s. units to the magnetic susceptibility.
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The dark blue solid was prepared in a similar way
[78] to the dark blue solid originally claimed to be 
bis(o-aminobenzenethiol)cobalt(ll), i,e, by boiling with 
free access of air a suspension in acetone of what the present 
work now shows to be bis(o-aminobenzenethiol)cobalt(II).
The room temperature magnetic moment varies for 
different preparations between 2,55B*M, and 2.8f>B*M. with a 
Curie-?feiss constant of 16° (Table 5 and Pig. 15) • The solid is 
non-conducting in dimethylformamide (Table 2) giving a blue 
solution which, unlike dimethylformamide solutions of the 
previous two cobalt compounds, does not obey Beer*s law* This 
suggests that the solid is not acting like a simple compound*
A 1,8x10 Sfl solution has bands at 5&h-'&)± (e = 3,500), 657^
(e = 7,000) and 795^ (e = 2,000) (Fig, 11), The reflectance 
spectrum (Fig, 12), except for higher background absorption 
necessitating dilution with magnesium carbonate, is almost 
identical to that of tris(o—aminobenzenethiol)cobalt(ill), 
containing bands at 377mM’ an<^  595ua^ , The X—ray powder pattern 
(Fig, 16) is also very similar to that of tris(o-aminobenzene­
thiol) cobalt(lll)* The infrared spectrum (Table 4) is 
identical to that of tris(o-aminobenzenethiol)cobalt(ill) except
93.
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for the presence of a "broad absorption hand at 3485cm -*• (Fig* 10)
—1 —1 —1and very weak absorption bands at 1340cm , 841cm , 733cm and
—1
579om . There are two N—H stretching bands (Fig* 10) indicating
the presence of amino-groups, as in tris(o-aminobenzenethiol) cobalt—
(ill), rather than imino-groups. The dark blue solid is
therefore not analogous to blue bis(o-iminobenzenethiol)nickel*
The absence of any strong absorption in the 930— 800cnT*^ region
due to the 0-0 stretching vibration renders unlikely a structure
in whioh bis(o-aminobenzenethiol)cobalt constituents are linked
—1
by peroxo-bridges [203, 204]o The absorption at 3485cm could 
be due to a bridging or non-bridging hydroxide group [205]•
However, the exceptional similarity between the reflectance 
spectra, X-ray powder patterns and infrared spectra of the dark 
blue solid and tris(o-aminobenzenethiol)cobalt(ill) suggests that 
the-solid is not a true compound, but a mixture of tris(o-amino­
benzenethiol ) cobalt (ill) and some form of black or other dark- 
coloured cobalt oxide, peroxide or hydroxide species. Boiling 
a suspension of bis(o-aminobenzenethiol)cobalt(II) in acetone 
apparently causes aerial oxidation accompanied by ligand transfer. 
Traces of water in the acetone or hydrogen abstraction from the 
acetone could account for the formation of * Co(NH0C,-H. S)o0H**
For instance, if water provides the necessary hydrogen atoms,
the following reaction might take place:
2 °2 + 3H2° + 6c°(NH2G6H4S)2 -------- ^  4Co(HH2CgH£(_S)3 + 2«Co(0H)
In this case, a mixture of empirical formula Co(NH^CgH^S)^OH is
formed. The cobalt oxide, peroxide or hydroxide species could
— 1account for the hroad absorption band at 34850®- and, if present
in an amorphous form as is likely from its method of formation,
would not give an X~ray powder pattern. The hydrous oxide
Co_0,. 3Ho0, having empirical formula Co(OH),, has in fact been 
c. 3  ^ j
reported to be amorphous with no distinct lines in its X~ray 
powder pattern [206].
When it was thought that the blue material was a 
compound, the amount of oxygen absorbed in the oxidation of 
bis(o-aminobenzenethiol)cobalt(il) in acetone was measured.
This was done in an attempt to differentiate between the two 
possible empirical formulae Co^H^CgH^Sj^O and Co(NH^CgH^S)^OH.
As indicated above, the latter could be formed from traces of 
water in the acetone or by hydrogen abstraction from the acetone.
If hydrogen abstraction from the acetone occurs, a further 
compound, possibly 2,5-hexanedione, would be formed. An attempt 
to detect the presence of 2,5~hexanedione or a similar compound in 
the residual acetone by vapour phase chromatography was 
unsuccessful. However, in the case of 2,5'-hexanedione, experiment
showed that the presence of less than 5% could not he detected by 
this method* One atom of oxygen per cohalt atom would he 
required in the formation of Co(HHgCgH^S)20 i
02 + 2Co(NH2C6H^S)2 --- -- > 2Co(NH2CgH^S)20
However, if water provides the necessary hydrogen atoms, the forma­
tion of Co(NH2CgH^S)20H would require only half an atom of 
oxygen per cohalt atom:
02 + 2 H 20 -+ 4Co(HH2CgH, S)2 -----*• 4Co(HH2CgH2(_S)20(H)
Another possibility requiring two-thirds of an atom of oxygen 
per oohalt atom is:
02 + H20 + 3Co(NH2CgH, S)2 ---- ► 3Co(NH2CgH2|_S)20(H)2
1In this case the cohalt oxide, peroxide or hydroxide species 
would he Co02*H20*
Duplicate determinations showed that at room temperature 
one atom of oxygen per cohalt atom was ahsorhed whilst just helow 
the boiling point of acetone 1*1 atoms of oxygen per cohalt atom 
were ahsorhed* However, in hoth cases the products formed 
differed from the solid prepared as described on page 6l • This 
was shown from the analysis figures, magnetic moments (Table 6), 
infrared spectra and darker, almost black colours of the products. 
Several samples of orange-brown bis(o— aminobenzenethiol)cobalt(ll) 
were exposed to air before the addition of acetone and very dark
TABLE 6 Q0#
Analysis Figures and Magnetic Moments of the 
Products obtained from Oxygen Absorption Measurements
Atoms of oxygen u
assorted per C H N 0 off
cobalt atom
Low temperature(l) 1.0 45*47 3*46 8.95 3*51 1*7
Low temperature(2) 1,0 44.47 3.59 8.70 4.77 2.2
High temperature(l) 1.1 43.18 3.77 7«73 5.98 1,6
High temperature(2) 1.1 44.58 3.83 7.70 5.30 1.6
TABLE 7
Properties of Some Cobalt Compounds
Compound Reported Pound
G-reen CoO^ [207] Peroxide containing 
cobalt(II), which 
slowly liberates 
oxygen at room 
temperature
Dark-coloured solid 
with n ^  = 0.8B.M,
Black CoO^^OS] Cobalt(lV) compound (*eff = 0.7B.M.55
Co20 [209] neff = 2*3B.M.
Co20,.H20 [210] Heff = 4.47B.M.
Co'gO .3H20 [21lJ~ ^eff “ (prepared 
from cobalt(lll) complex)25 
Heff = 0.9B.M.(prepared 
from cobaltous nitrate)35
COg’o .3H20 [212] Infrared spectrum indicated 
cobaltous hydroxide in 
product
ss Does not give the intense blue solution indicative of the 
65 7mp. absorption band on mixing with tris (o-aminobenzenethiol)1 
cobalt(ill) in dimethylformamide under nitrogen.
blue solids with magnetic moments in the range 1*5—2«7B.M. were 
obtained. It therefore appears that a substance of magnetic 
moment 2.7B.M. can only be reproducibly obtained if bis(o-amino- 
benaenethiol)cobalt(il) is oxidised in suspension in acetone 
without direct contact with gaseous oxygen. The variation of 
product with conditions is indicative of the formation of a 
mixture and not a true compound.
It was not possible to separate the components of 
the mixture by recrystallisation because of the poor solubility 
and air-sensitivity of the material in solution. Attempts were 
made to separate the components by Soxhlet extraction under 
nitrogen using dimethylformamide. A small amount of black
residue remained in the thimble, but this was too small to 
identify. It could have been an oxide or related species, but 
it could also have arisen from decomposition by the hot solvent. 
YThen small quantities of the dark blue solid are taken for 
spectral measurements however, all the solid appears to dissolve, 
although, because of the intense blue colour, small amounts of 
undissolved material would be difficult to see. On admitting 
air to this solution the 5 4^m(i band rapidly vanishes whilst the 
extinction coefficients of the 657m i^ and 795m|j. bands rise at 
first (the extinction coefficient of the 657mji band rising to 
about 9*000) and then fall. Although the band at 564m|i is absent,
100*
a similar spectrum is obtained in acetone in air, but no extinction 
coefficients could be calculated because of poor solubility*
Spectra similar to that obtained with the dark blue solid in 
dimethylformamide are also obtained on admitting air to solutions 
of bis(o—aminobenzenethiol)cobalt(II) and tris(o-aminobenzenethiol)*- 
cobalt(lll) in dimethylformamide* The extinction coefficients
are of the same order in all three cases, comparisons being 
difficult as the spectra change with time and do not obey Beer*s 
law* Obviously, all three substances form a series of similar 
oxidation products. A suspension of bis(o~aminobenzenethiol)cobalt- 
(II) in dimethylformamide absorbs a large volume of oxygen to 
give a hlack solid (page 54. ).
If the dark blue solid contains just tris(o-aminobenzene- 
thiol)cobalt(ill) and the cobalt oxide, peroxide or hydroxide 
species, as appears to be the case from the physical data (page 95 )? 
the behaviour in dimethylformamide solution under nitrogen has to 
be explained. It does not seem likely that a cobalt oxide or 
related species would itself be responsible for the intense 
absorption band at 657&P* difference between the reflectance
spectrum and the solution spectrum in dimethylformamide suggests 
that a more likely explanation is that the tris(o-aminobenzene- 
thiol)oobalt(lll) component is partially oxidised in dimethylforma­
mide solution by the cobalt oxide, peroxide or hydroxide species
101.
to a similar species to that formed by aerial oxidation of both 
bis(o—aminobenzenethiol)cobalt(il) and tris(o—aminobenzenethiol)— 
cobalt(lll).
Many forms of cobalt oxide, peroxide and hydroxide 
are known. Some of these are listed in Table 7 together with their 
properties as reported or found during this work. If the dark 
blue solid is indeed the mixture proposed, two-thirds of the cobalt 
atoms would be present as low-spin tris(o-aminobenzenethiol)cobalt — 
(ill). Hence, to give the experimentally-determined magnetic 
moment of about 2.7B.M., the cobalt oxide, peroxide or hydroxide 
constituent would have a magnetic moment of about 4*7B.M.
The magnetic moments of most of the compounds in Table 7 are 
considerably lower than 4«7B.M., but the magnetic susceptibilities 
of trifalent cobalt oxides and hydroxides have been reported to 
vary enormously with the method of preparation and the amount 
of water present [213]* The method of preparation of the dark 
blue solid is such that any oxide or related species could be 
’’magnetically diluted” by the other component of the mixture.
Higher magnetic moments than in bulk oxide preparations would then 
result.
Unfortunately, no artificial mixture of tris(o-amino- 
benzenethiol)cobalt(ill) and the compounds in Table 7 gave a blue 
solution in dimethylformamide under nitrogen. Therefore it has not
been possible to identify the cobalt oxide, peroxide or hydroxide 
species present in the dark blue solid* The nature of the blue 
species which is formed on oxidation of dimethylformamide 
solutions of bis(o—aminobenzenethiol)cobalt(II) and
tris (o-aminobenzenethiol) cobalt (ill) is not known, although it
may be in some way analogous to blue bis(o—iminobenzenethiol)nickel*
|
(g) o—Aminobenzenethiolcopper(I) f
and is insoluble in all common solvents except pyridine in which 
it is very slightly soluble* The infrared spectrum indicates a 
metal—nitrogen bond, although weaker than that, found in other 
o—aminobenzenethiol complexes (page 113) • The complex is 
presumably polymeric* A chain structure containing linear 
two-coordinate copper(XXXXV) is a possibility.
However, sulphur bridging may occur and this could produce a 
structure containing three-or four-coordinate copper.
The preparation of deep blue bis(o—aminobenzenethiol)
thiol has been reported [75] but this report now appears to be in
The white complex is diamagnetic (Table 1) as expected,
.NHf
CtT^
.S
(XXXXV)
copper(ll) from cupric acetate or cupric nitrate and o—aminobenzene—
error* On repeating the preparations, the white copper(l) 
complex, which darkened to grey—blue in air, was formed together 
with bis(o-aminophenyl)disulphide. No darkening of the copper(i) j 
complex occurred when the preparations were carried out under ,
nitrogen. Reduction of the copper(ll) salt by o—aminobenzenethiol { 
has taken place:
2CU2+ + 2NHgCgH^SH ---:----»• 2Cu+ + (HHgCgH, S)2 + 2H+
Other sulphur ligands, e.g. thiourea, alkyl xanthates and 
p—mercaptoketones can reduce copper(ll) salts to form the 
copper(l) complex. Excess ligand had no effect on the reaction! 
however, if an excess of the copper(ll) salt was used a black 
colloidal precipitate, possibly consisting of cupric sulphide, 
was formed. It seems that the white copper(l) complex can be 
oxidised to a grey—blue material which, like the dark blue 
cobalt material (page $2 ), is not a true compound. Recent 
attempts to obtain the blue material in a reproducible state 
have been unsuccessful [21^]. In reference [75]* ^  -^s claimed 
that the bis(o—aminobenzenethiol) complex of cobalt is blue and 
that of nickel is green. As both these colours actually form 
on aerial oxidation of the respective oomplexes, little reliance 
can be attached to the results obtained for the copper compound.
The pale yellow complex Is non-conducting in
dimethylf ormamide (Table 2) and has hands at 465mp, and 574m^, and 
also presumably one near l,000m^, in its reflectance spectrum 
(Fig* l?)* The spectrum is similar to that observed for 
oetahedrally coordinated iron(ll) compounds. If the iron atom 
is surrounded by two nitrogen and four sulphur atoms in a sulphur- 
bridged structure, the band at about l,000mji can be considered
broadened because of some or all the following reasons:
(i) Distortions from octahedral symmetry arising from the presence 
of non-equivalent donor atoms or from solid state effects;
(ii) Jahn-Teller effects on the excited state. The two bands
at i|j. and 574nip. are due to multiplicity — forbidden transitions$
n 3 15 3
possibly the transitions ^Trt  -- ■> t and   ■■■■> Tn •2g 2g 2g lg
The complex is antiferromagnStic which again suggests 
a six—coordinate structure involving bridging sulphur atoms.
The exchange coupling constant is 22,2cm’"'*' (page 120) and the 
Neel point, i*e, the temperature at which the interaction energy 
is comparable to the thermal energy, is at 138°K (Table 8 and 
Pig, 18), Due to the antiferromagnetic behaviour, the room 
temperature magnetic moment of 3«91B,M, is considerably lower
than the normal magnetic moments of about 5»3B,M, reported for
6
transition. This band could be
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TABLE 8
Magnetic Susceptibility Measurements on Conrplexes of 
o-Aminotenzenethiol with IronfllV. Manganese(II) . 
Chromium(II) and Vanadyl(IV)
Tempa(°K) 307.6 266.0 226.9 193.8 162.0 148.3 135.6 125.5 H7.1 97.3 85.8
’XFexl0 c^.g.s. 6295 "6684 7084 7357 7550 7580 7608 7580 756074OO 7245
units
158.9 149.6 141.1 136.0 132.5 131.9 131.5 131.9 132.3 135.1 138,0
|aeff(B.M.) 3.95 3.79 3.60 3.39 3.14 2 .9 8 2.88 2.77 2.67 2.4L 2.at-
Molecular weight 304.1> Diamagnetic correction 151x10 e.g.s. Units.
Temp.(°K) 289.2 259.O 219.7 182.5 145.6 117.3 102.0 90.0 86.7
■X^xlO'e.g. s. 13191 14681 17241 20591 25201 30401 34251 38171 39281
units
75.8 68.1 58.0 48.6 39.7 32.9 29.2 26.2 . 25.5-
5.55 5.54 5.53 5.50 5-44 5-36 5-31 5-26 5.24
Molecular weight 303.2, Diamagnetic correction 151x10 e.g.s. units.
TABLE 8 (Cont*)
Temp.(°K) 322.5 273.0 233.2 194.6 162.6 129.0 107.5 93.2 87.9
%, xl06c.g.s, 8518 10027 11771 14051 16921 21231 25471 29241 31021
units
117.4 99.7 85.0 71.2 59.1 47.1 39.3 34.2 32.2
4.71 4.70 4.70 4.70 4.71 4.70 4.70.4.69 4.69
-6Molecular weight 331.3# Diamagnetic correction 171x10 o»g.s. units.
(d) Oxohis(o-aminohenzenethiol)vanadium(IV)
Temp.(°K) 296.I 272.1 232.5 I93.7 156.1 123.2 102.0 89.7 85.1
Y x l O  o.g.s. 1304 1410 I647 1977 2433 3069 3708 4179 4361
units
1 768 709 607 506 411 326 270 239 229
Heff(B.M.) 1.77 1.76 1.76 1.76 1.75 1-75 1.75 1.74 1.73
         ^   ---------
Molecular weight 315*3# Diamagnetic correction 149x10 e.g.s. units*
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high—spin iron(ll) complexes. At 85®8°K the magnetic moment 
is reduced to 2.24B.M.
(i) Bis (o—aminoben gene thiol) man ganese(II)
The pale cream complex, which darkens in air, is
non-conducting in dimethylformamide (Table 2) and contains
hands at 2f46mp, and 601mp, in its reflectance spectrum (Fig. 17)*
The room temperature magnetic moment is B.M., indicating
five unpaired electrons., The plot of reciprocal magnetic
susceptibility against temperature (Table 8 and Pig. 19) gives
a Curie-Weiss constant of 10°, and the departure from linearity
at the lower temperatures shows some antiferromagnetic behaviour*
—1The exchange coupling constant is 1.6cm (page 121). Tetrahedral 
coordination would not be likely to lead to antiferromagnetic 
interactions. Tetrahedral manganese(II) complexes, which are 
more intensely coloured than octahedral complexes, are normally 
yellow-green. They are much less common than octahedral 
complexes and do not contain bands of wavelengths as high as 
601mp. in their reflectance spectra. Therefore, the very nearly 
white complex is almost certainly surrounded by more than two 
sulphur atoms. The two absorption bands observed are 
presumably due to the multiplicity-forbidden transitions
6a — ^  ^  and ^A ----► ^ T- , the intense absorption at lower
IS <-& is is
wavelengths masking any bands due to transitions to higher levels.
110.
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The light blue complex was not obtained in a completely
pure state. Analysis figures indicate a bis-complex contaminated
with excess ligand and possibly water. The complex is high-spin
with a room temperature magnetic moment of 4«70B.M, and a
Curie-YTeiss constant of 1°(Table 8 and Pig, 19)* It is
non-conducting in dimethylformamide (Table 2) and has a band
at 592mji in its reflectance spectrum (Pig, 17)* This broad
5 5band, due to the E   > T0 transition, is characteristic of
9 g 2g *
high-spin six-coordinate chromium(ll) compounds,
(k) Oxobis(o-aminobenzenethiol)vanadium(TV)
The lime green complex is non-conducting in
dimethylformamide (Table 2), and has a room temperature magnetic
moment of 1.77B.M* and a Curie-Weiss constant of A° (Table 8 and
Pig. 20). The very strong V = 0 infrared stretching band occurs
—1 —1as a doublet at 997cm and 989021 , near the centre of the
region reported for vanadyl(lV) compounds [215]* The reflectance 
spectrum has absorption bands at 448mp, and 6llmp (Pig* 17)*
Similar visible spectra have been reported for other vanadyl(lV) 
compounds [216], although very few with sulphur ligands have 
been studied. The absorption bands in order of decreasing 
wavelength presumably correspond to the
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The compound appears to he a typical vanadyl(lV) complex* Such 
compounds usually have a square—pyramidal structure with the 
vanadium atom slightly above the centre of the base*
(l) Further G-eneral Observations on o—Aminobenzenethiol
Complexes
(i) Infrared Studies (Table h.)
As expected, on complex formation the S-H stretching j
—1vibration of free o-aminobenzenethiol at 2520cm is removed,
as is the S-H deformation band at 908cm  ^ [218-220]. The weak 
—1band at 675cm in o-aminobenzenethiol can be assigned to the
C-S stretching vibration as it has been stated to lie in the
—1range 702—675cm for similar aromatic-sulphur compounds [221].
With most metals, the frequency and intensity of this band 
increases slightly on complex formation, indicating a slight 
strengthening of the C-S bond.
On coordination the XT—H stretching vibrations of
—1 —1 • o-aminobenzenethiol at 5450cm and 3365cm decfahse0 The
decrease is most pronounced in the nickel(ll) and vanadyl(lV) 
complexes? and least pronounced in the copper(l) complex, 
indicating a weaker than average metal—nitrogen bond. The band
•1
at l609cm*“ in the spectrum of o—aminobenzenethiol is broad and 
assumed to be due to superposition of an aromatic absorption and
an NH^ deformation absorption* In the o—aminobenzenethiol
—1complexes the aromatic vibration occurs at about 1580cm and,
as it would not be expected to change position significantly on
coordination, is presumably present in a similar position, but
—1obscured, in the broad o-aminobenzenethiol band at l609cm .
The NH^ deformation band decreases to between 1519cm and 1568cm 
though in some cases several bands are observed in this region.
In the spectrum of bis(o—iminobenzenethiol)nickel, the only band 
observed in this region is a weak one at 1522cm  ^which is
possibly due to an N-H deformation vibration.
—1 —1The bands at 1301cm and 1257cm in the free
ligand can be assigned to the C-N stretching frequencies on the 
basis of similar assignments for other o—substituted anilines
[222], On coordination these band frequencies normally decrease
—1 —1by about 35cm and 50cm respectively, indicating a weaker C-N
bond, as could be expected. The shifts for the copper(l)
—1 —1complex are only 23cm and 36cm respectively, in line with
the smaller than average N-H stretching shifts* The coordinated
NH^ wagging vibration has been reported to occur as a strong
—1band in the range ll85-1010cm for nineteen aniline complexes
[223], This absorption band'has also been found in a somewhat
—1narrower range, 1104—1062cm , for a smaller number of complexes
of aniline and similar ligands [224, 225]. In many of the
o-aminobenzenethiol complexes, strong absorption bands occur J
within the larger range, which are not present in the uncoordinated
ligand. However, in general it is not possible to assign all \
the bands within this range* i
(ii) X-Ray Diffraction Studies
The only similarity in the powder patterns (Fig* 16) |
is between the dark blue solid * Co (NHgC^H^S^OfH)*1 and
tris(o-aminobenzenethiol)cobalt(ill), which has been discussed
earlier. It appears very unlikely that any of the other
compounds are isomorphous,
(iii) Ligand Field Studies,
Previous work with cobalt(ll) [78] has suggested
that o—aminobenzenethiol produces a strong ligand field. However,
in all the complexes where states of different multiplicity are
possible, high-spin complexes are formed, except with nickel and
cobalt(ill) (Table 1), Although it is not always possible
to make the necessary comparisons, from the reflectance spectra
o-aminobenzenethiol appears to lie about midway between thiol
ligands and amine ligands in the spectrochemical series. It
produces a slightly stronger ligand field than water, causing
both the XA. ---* 1Tn and 1A_  > 1TC
lg lg lg 2g
transitions in the cobalt(ill) complex to occur at a slightly 
lower wavelength than in the Co(HgO)g^+ ion (Table 9)#
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The nephelauxetic effect is not very pronounced in
o-aminobenzenethiol complexes. This is best shown in the oobalt(llD:
1
complex; as, despite similar ligand field strengths, the T and
is
1
T energy levels are much closer together in the cysteine and 2g
2-aminoethanethiol complexes than in that of o-aminobenzenethiol
(Table 9)* Also, although thiosemicarbazide produces a stronger
1 1ligand field than o-aminobenzenethiol. the A_ —   > T
9 lg 2g
transition in'its cobalt(lll) complex occurs at a higher wavelength
than in tris(o-aminobenzenethiol)cobalt(ill), Further comparisons
are difficult due to the lack of published data and the fact that
the position of sulphur donors in the spectrochemical series varies
widely, in some cases being comparable to chlorine donors and in 
others to nitrogen donors,
(iv) Solubility Studies
Most o-aminobenzenethiol complexes are completely
insoluble in almost all common solvents. However, it is normally
—3possible to prepare a 10 M solution in dimethylformamide and 
sometimes a more dilute solution in pyridine or dimethylsulphoxide*
It is possible that sulphur bridging oould account for the 
insolubility of these complexes, Bis(o—iminobenzenethiol)nickel,
which is known to have a monomeric structure from a molecular 
weight determination [202], is exceptional being soluble in
several solvents, particularly dimethylformamide, dimethylsulphoxid* 
pyridine and tetrahydrofuran*
(V) Antiferromagnetio Studies
Antiferromagnetic “behaviour, which could he due 
to sulphur atoms forming bridges between two metal atoms, is 
observed in some o-aminobenzenethiol complexes. For binuclear 
compounds in which intramolecular antiferromagnetic interaction 
occurs, it can be shown that the atomic susceptibility of the 
metal atom concerned is given by equation (2) [229]-
( - t o3 j
6kT £(2S*+l)exp(- fisi )
%  - £s*(S8 +lH2S*+l-)expA * + Na.-..... .(2)
kT 
23 —1
where N = Avogadro*s number = 6.023x10 mole •
g = spectroscopic splitting factor.
-20 -1(3 = Bohr magneton = 0.9270 x 10 erg gauss .
k = Boltzmann*s constant = 1.380 x 10~ erg degree .
T = absolute temperature.
Na - a temperature independent contribution to the
susceptibility, composed of the temperature independent 
paramagnetism and the underlying diamagnetism of the 
metal atom.
S* = total spin quantum number for the molecule and can have
the values 0, 1, 2 .....2S, where S is the spin quantum
number for the component paramagnetic atoms..
119*
= the energy of a level specified hy S®, and can 
have the values 0, 2J, 6J [2S(2S+l)]J,
corresponding to S® = 0, 1, 2 ••.••••. 2S.
J is known as the exchange coupling constant or the 
exchange integral, and in this case is half the triplet—singlet 
separation. Equation (2) has been derived assuming g is 
independent of temperature, i.e. there is no temperature 
dependent orbital contribution to the magnetic moment.
Na is much smaller than %. in all the compounds to be 
discussed and is usually ignored. Therefore, for three, four 
and five unpaired electrons, equation (2) reduces respectively 
to:
A - T
^ A  =
and *%A = ~
where K =
% A with T
T
3K
T
7+5exp6x+3expl0x+expl2x
30+14exp8x+5explAx+expl8x 
9+7exp8x+3expl4x+3expl8x+exp20x
+3QexplQx+lAexplox-i-3expZAX4-exp^ox 
^11+ 9expl0x+7expl8x+3exp24x+3exp28x+exp30x
.  « « • * 4 .  .  .  ( 4-)
1 —  (5)
~ ~ ~  = 0.1251g2 and x = ~ r  •3k kT
Equations (3)* (4) and (5) describe the variations of
A Hence by substituting different values of J and g, -1
the values giving a against T curve closest to that found
experimentally can be obtained.
Due to the effect of spin—orbit coupling in lifting
if
'ig
high-spin six-coordinate cobalt(ll) compounds, even in the
the degeneracy of the Tn„ ground term, the magnetic moments of
absence of antiferromagnetism, vary quite appreciably with 
temperature [230]. In binuclear compounds, this behaviour 
results in temperature dependence of g in equation (3)* Therefore, 
in this case it is not possible to distinguish between the 
effects of spin—orbit coupling and antiferromagnetic interactions 
in causing departures from the Curie—Weiss law. Departures 
from octahedral symmetry, by lifting still further the ground 
term degeneracy, are likely to reduce the orbital contribution 
so producing a magnetic moment closer to the spin-only value.
The magnetic moment of bis(o-aminobenzenethiol)cobalt(il) is 
somewhat lower than usual for octahedral cobalt(il) compounds 
and this could be due to a combination of the effects of lower 
symmetry and antiferromagnetism.
Bis(o-aminobenzenethiol)iron(il)
Using equation (4)* the best fit with the experimental 
results is obtained using J = 22.2cm""'** and g = 2,07 (Fig* 18). 
Unfortunately, the agreement is not perfect, but this is as 
expected, since, as with octahedral high-spin cobalt(ll), the 
effect of spin-orbit coupling is to produce values of g which
vary with temperature, hut to a less marked extent, while the 
theoretical curve is based on a constant value of g.
Bis(o-aminobenzenethiol)manganese(il)
The small deviation from the Curie-Weiss law is
—1consistent with J = 1,6cm and g = 1,92, The curve obtained 
by inserting these values in equation (5) agrees exactly with 
that found experimentally.
OTHER SULPHUR LIG-ANDS
The chromium(ll) complex of o—aminobenzenethiol has j!
already been described (Section III), The results of preliminary |;
j ;
work with some other sulphur ligands are presented in this section, ;j
All preparations were carried out under nitrogen, !
(I) 2-AMINOETHANETHIOL
An attempt to prepare bis(2-aminoethanethiol)chromium(ll) 
was unsuccessful, A solution of 2-aminoethanethiol hydrochloride j
(7*14g*, 0,0627 mole) and sodium hydroxide (4#57g*> 0,114 mole) j
in water (100 ml) was slowly added to a solution of chromous 
chloride (prepared from l,48g, chromium, 0,0285 mole) in water 
(60ml)„ There was a considerable rise in pressure in the 1
apparatus, consistent with the evolution of about 150ml of gas, 
presumably hydrogen. The greenish-grey solid which formed was 
filtered off, washed with water and acetone, and then dried under 
vacuum,
Calca. for Crl:C(sC2H, NH2)2 s . Cr, 23.48.
Caloa. for CrI:r(sc2H NH2)2.4H20 t Cr,,18.83 .
TTTCalcd. for Cr x0H(SC2H, NH2)2. 3 ^ 0  : Cr, 18.90.
Calcd, for CrIII(sC2H2)_FH2) : Cr, 18.56 .
Found ; Cr, 19.08 (analysis method!).
The greenish-grey solid does not change colour in air 
and has an infrared spectrum which indicates the presence of water. 
It seems probable that the ligand has been reduced by the
chromium(II) ion and a chromium(lll) compound formed,
(2) THIOUREA
(a) Preparation of Complexes
(i) Pichiorobis(thiourea)chromlum(ll)
A solution of chromous chloride (prepared from 
2.65g* chromium, 0,051 mole) in isopropanol (425 ml) at 30° 
was added to a solution of thiourea (7*36g** 0,09^7 mole) also 
in isopropanol (500ml) at 75°, The solution was left overnight 
and finally cooled in ice for five hours. The yellow precipitate 
was filtered off, washed with isopropanol and then a small volume 
of acetone in which it is soluble. The compound was dried under 
vacuum for fifteen hours at 110°,
Calcd. for Cr(NH2CSNH2)2C12 : C,8.73? H,2.93? Cl,25*77? Cr, 18,90;
N,20.36.
Pound: C,10.10; H,3.25? Cl,25*35? Cr,l8.64 (analysis
method iv); N,19*43*
Analysis figures indicate the complex to be
contaminated with about 2% isopropanol.
Calcd. for Cr(NH2CSNH2)^Cl^+2^ isopropanol: C,9*76? H33*14?
Cl,25*26$ Cr,l8.52? N,19.95.
Similar contamination of thiourea complexes with the 
solvent has recently been noted [19]*
(ii) Dichlorotetrakis (thiourea) chromium(lI)
Experiments were carried out to prepare this compound b 
the evaporation of the solvent at 70° from a solution of chromous 
chloride and excess thiourea in n—butanol. Owing to the poor 
solubility of thiourea in cold n—butanol it was necessary to 
filter the suspension hot* The compound obtained was dark 
yellow.
Calcd. for Cr(NH2CSNH2)^Cl2 : Cl, 16*59 .
Found : Cl, 14.77*
From the infrared spectrum, there is no indication of 
the 2:1 compound. The spectrum is similar to that of thiourea 
and is consistent with a 4*1 compound contaminated with excess 
thiourea.
(iii) Hexakis(thiourea)chromium(II) perchlorate 
Isopropanol (150ml) was added to a solution of chromous
perchlorate (prepared from 2.15g. chromium, 0.0413 mole) and
thiourea (6.29g., 0.0826 mole) in acetone (130ml). Evaporation 
of the acetone caused the light green solid to come out of 
solution and this was then filtered off. Tfre compound was 
washed with isopropanol, dried under vacuum and stored below 
room temperature. Above about 25° oxidation of the chromium(ll) 
ion by the perchlorate ion occurs. Hence the compound could 
not be dried above room temperature.
Calcd. for Cr(NH2CSNH2)g(C10, )g : C,10.18* H,3.42; Cr,7.35; N,23.75. i 
Calcd. for Cr(NHgCSHHg),(CIO^)g : Cf8.65j H,2.90j Cr,9.37; N,20.l8.
Found . : C,ll.l8; H,4«30j Cr,6.90(analysis
method i), 6,83(analysis method iv) jN,19.43,20,06. |
From the chromium and nitrogen analysis figures, the
sample contains between five and six moles of thiourea per mole
of chromous perchlorate. However, the sample also contains both
isopropanol and water.
Calod. for Cr(NH2CSNH2)g(C10^)2.3iH20. : C,11.25j H,4,41}
Cr,6.493 N,20.99*
If excess thiourea is used in the preparation and 
isopropanol and water can be removed, it may be possible to 
prepare the pure hexakis(thiourea) complex. The preparation of 
a pure chromium(ll) perchlorate complex containing less thiourea 
molecules would appear more difficult.
(b) Properties and Structures of Complexes 
Some preliminary investigations were carried out on 
the compounds analysing approximately as dichlorobis(thiourea)— 
chromium(ll) and hexakis(thiourea)chromium(ll) perchlorate*
The assignment of the infrared absorption bands of 
thiourea and some of its complexes has been carried out by a 
number of workers [15* 16, 18, 231] and the most probable 
assignment of each vibration is shown in Table 10. The single
TABLE 10
Infrared Absorption Frequencies of Chromium(ll') —
ia Compoum
Thiourea Dichlorobis(thiourea)-
chromium(ll)
Chromous Perchlorate - 
Thiourea compound
As signment
3430s 3485 s 3430s NH^stretching
3330s 3390s 3320s
3210s 3310s 
3205s *
3210s
2700w 2700w 2700w CS stretching 
and SCN bending
1618s 1633s
1615s
1631s
1597s
NH^deformation
1472s 1508m 1493m NCN stretching
1415s 1439s 1430s NH^ rocking,
1400s 1395s NCN stretching 
and CS ,f
1086w 1108w 1090s!!
932w
NCN stretching, 
NH^ rocking and
CS stretching
731m 716m 720m CS stretching
707m 705m (and NCN « )
631m 613m 628m25 skeletal
487s 537m 536m NCN deformation
4^8s 476m 479m NCN deformation
412vw 414vw 4 Hvw NCS deformation
35 Perchlorate vibrations [ 233 ]
"band at 1090cm"7 '^ in the perchlorate compound indicates ionic
rather than coordinated perchlorate groups [232] „ The N—H
particularly the chloride, than in thiourea. Such behaviour 
has been attributed to hydrogen bonding being present to a
higher bond order whereas the C=:S stretching frequency at
there is no significant change in position of the W-H stretching
formation*
In free thiourea the three canonical forms(XXXXVI, 
XXXXVII and XXXXVIII) make about equal contributions [16], 
Bonding through sulphur would increase the contributions of the 
polar forms (XXXXVII and XXXXVIII), resulting in a greater
stretching bands are sharper in the chromium(ll) compounds,
smaller extent in coordinated thiourea [15]. On coordination
—1the C-K stretching frequency at 1472cm increases indicating a
-1731cm - decreases indicating a lower bond order. In contrast,
frequencies and the deformation frequency on complex
(XXXXVI) (XXXXVII) (XXXXVIII)
double bond character for the C-N bond and a greater single 
bond character for the C=S bond. Bonding through nitrogen would 
have the opposite effect producing an increase in the C=S bond
order and a decrease in the C-N bond order, A decrease in the 
N—H stretching frequencies should also be observed, as with the 
o-aminobenzenethiol complexes^ if bonding through nitrogen occurs. 
This decrease in frequency is not observed,* and, as both the 
C-N bond order increases and the C=S bond order decreases, the 
thiourea must be coordinated through sulphur in both compounds.
Both compounds are high—spin. The perchlorate has a 
room temperature magnetic moment of 4*70B.M„ and a Curie-Weiss 
constant of 11° (Table 11 and Fig. 21). The plot of reciprocal 
magnetic susceptibility against temperature is linear, indicating 
little or no metal—metal interaction. This could be expected 
as there are a large number of potential donor atoms per 
chromium(ll) atom. The chloride has a room temperature magnetic 
moment of 4*48B.M, and a Curie-Weiss constant of 41° (Table 11 
and Fig, 21). The deviation from linearity at lower temperatures |
of the plot of reciprocal magnetic susceptibility against j
temperature, together with the low room temperature magnetic moment 
and high Curie-Weiss constant, indicates some antiferromagnetic f
behaviour* The exchange coupling constant, calculated as 
described on page 118, is 5*6cm  ^whilst the spectroscopic 
splitting factor is 1.93? The curve obtained by inserting 
these values in equation (4) agrees exactly with that found 
experimentally. The antiferromagnetic behaviour of the chloride
TABLE 11
Chromium
Measurements on
- Thiourea Conrpounds
(a) Chromous Perchlorate - Thiourea compound
Temp*(°K) 314*5 272.8 227.6 188.3 155.9 128.1 109.0 92.5 87.3
X, xlO^c.g.s. 
units
8751 9976 11912 14262 17042 20422 23622 27462 28852
1
—
^Cr
114.3 100.2 83.9 70.1 58.7 49.0 42.3 36.4 34.7
4.71 4.69 4* 68 4.65 4-63 4.59 4.56 4.53■ 4.51
Molecular weight 1757*0, Diamagnetic correction 562x10^0. g. s. uni
(b') Dic.hlorohis (thiour'q&)chromium(
Temp.(°K) 290.5 282.6 233.3 188.3 151.0 123.0 99.O 88.8 86.2
zl06o.g.s.
units
8559 . 8773 10325 12375 14605 16975 19435 20795 21125
1
^Cr
II6.9 114.0 96.8 80.8 68.5 58.9 51.4 48.1 47.4
{-*■ ) 4.48 4.47 4.41 4.33 4.22 4-10 3.94 3.86 3.83
- 6Molecular weight 279*0, Diamagnetic correction 135x10 e.g.s. units
FIG. 21
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suggests that either chlorine or sulphur bridges are present 
thereby producing a six-coordinate polymeric structure. Chlorine 
bridges, which are perhaps most likely, have been reported to 
occur in dichlorobis(pyridine)chromium(II) on the basis of it 
having a similar X-ray powder pattern to diohlorobis(pyridine)— 
copper(II) [234]* However, an X-ray structure determination 
has revealed that the sulphur atom in thiourea also forms a 
bridge between two metal atoms in dithiocyanatobis(thiourea)~ 
nickel(il) [24].
5 5In the reflectance spectrum (Fig. 22), the E — > 
transition occurs at 852m|j. in the chloride and at 744ni(i in the 
perchlorate. Therefore the sulphur atom in t h i o u r e a
produces a stronger ligand field than the chlorine atom. As the
R R 2 +E ^t transition occurs at 7i4mji in Cr(H 0)/ [235],& 2 o
thiourea appears to produce a similar or slightly weaker ligand
field than water* This has been shown to be the case in some
cobalt complexes, where thiourea has been stated to occupy a
position in the spectrochemical series comparable to that of
various oxygen ligands [17]. In anhydrous chromous chloride,
the chromium(ll) ion is surrounded by six chlorine atoms and 
5 5the E    ■ > T« transition occurs at 862mp, [235]. This
&  ^&
transition occurs at only a slightly higher wavelength than in 
dichlorobis(thiourea)chromium(ll), indicating only a slightly
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weaker ligand field. This fact suggests that dichlorobis(thiourea)- 
chromium(ll) has a chlorine—bridged rather than a sulphur—bridged 
structure.
Due to their sharpness, the bands at 580mp and 658m{i in 
the spectrum of the chloride would appear to be multiplicity- 
forbidden bands. However, the band at 521mp in the perchlorate 
could also be attributed to a chromium(lII) transition if a small 
amount of oxidation of the chromium(ll) ion by the perchlorate 
ion has taken place. On the other hand, the position of the 
band makes this explanation unlikely.
—3The molar conductivity of a 10 M solution of the 
chloride in dimethylformamide at 25° is 49 ohm~^mole~^cm^, 
indicating partial dissociation of the compound in solution (Table
(3) ETHYL XANTHATE ION
An attempt to prepare bis(ethyl xanthate)chromium(II) 
was unsuccessful. A solution of potassium ethyl xanthate 
(l3»50g., 0,0842 mole) in water (50ml) was slowly added to a 
solution of chromous chloride (prepared from 2.19g. chromium,
0.0421 mole) in water (53ml). The dark green solid was filtered 
off, washed with water and a small volume of acetone in which it 
is soluble, and dried under vacuum. Although the dark green 
compound was dried for twelve hours, the infrared spectrum indicated
135*
the presence of water.
Calcd. for Cr(S COCgHjg : C,24.50; H,3.435 Cr,17.68,
Caloa. for Cr(S2C0C2H )2.H20 : 0,23.08; H,3.87; Cr,16.65.
Pound : C,22.375 H,3.735 Cr,17»69(analysis
method i).
The compound is stable in air and has a magnetic 
moment of 3.34B.M., which is in the region expected for low-spin 
chromium(ll) complexes. A low-spin complex would he expected 
to he more air-stable than a high-spin complex. However, 
although only a small increase in pressure was noticed on mixing, 
in contrast to the reaction with 2-aminoeth'anethiol, it seems 
likely that some oxidation of the chromium(ll) ion has occurred.
(k) diethyldithiocarbamate ion .
Yellow his(diethyldithiocarhamate)chromium(ll) has been 
prepared despite an earlier claim that the compound is rapidly 
oxidised to a chromium(ill) derivative even when precautions are 
taken to exclude oxygen [l68]. A solution of sodium diethyldithio­
carhamate (13. 93g« , 0.06l8 mole) in 50% ethanol (150ml) was slowly 
added to a solution of chromous chloride (prepared from 1.6lg. 
chromium, 0.0309 mole) also in 50% ethanol (150ml). The yellow 
compound which formed was very difficult to filter and became
green within twenty-four hours in the presence of solvent, even 
under nitrogen. Therefore, it was possible to filter off only 
a small proportion of the precipitate. This was then washed 
with 50% ethanol and absolute ethanol and dried under vacuum. 
Calcd. for Cr(S2CN(CgH )g)g : 0,34.4-5; H,5.78; Cr, 14.92; N,8.04.
Pound : C,33.80$ H,5*70; Cr,14.61 (analysis
method i, performed during microanalysis);
N,7.77.
The dry solid is stable under nitrogen but chars 
immediately on contact with air.
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SUG-G-ESTIONS FOR FURTHER WORK
(a) In the light of the present work on bis (o-aminobensene* 
thiol)cobalt(II), a further Investigation of the dark green 
compound formed from 3-ethylthiopropane-l-thiol and cobaltous 
acetate^ which has also been claimed to be a low-spin bis~complex, 
would appear to be worthwhile*
(b) It may be possible to obtain more information about
the nature of the dark blue cobalt material from d study of the
oxidation of orange-brown bis(o-aminobenzenethiol)cobalt(II) in a 
variety of solvents. It may also be possible to separate the 
components of the dark blue material with appropriate solvent 
extraction procedures.
The blue species formed on oxidation in dimethylformamide 
may be isolable if large quantities of the tris- or bis- complexes
are oxidised in a controlled manner.
(c) A yellow compound, which goes green on standing in 
air, has been reported to be formed on mixing potassium 
chloroplatinate(II) and o-aminobenzenethiol. The preparation 
and investigation of its properties under anaerobic conditions 
should provide some useful information as to whether ligand or 
metal oxidation has occurred.
(d) Preparations of sulphur-containing Schiff*s bases 
have been reported using a—diketones and 2—aminoethanethiol in the 
presence of nickel(ll) ions, and also by condensing benzaldehyde 
with bis(o—aminobenzenethiol)zinc(II)* Hence other o-aminobenzene-
thiol complexes may form similar Schifffs bases with suitable 
aldehydes and ketones*
(2) Chromium(ll) Complexes
(a) The preparation of pure solvent—free thiourea 
complexes may be possible by using a suitable non-coordinating 
solvent and removing any water which may be present In the 
chromium(ll) salt with 2,2’-dimethoxypropane.
(b) By investigating the properties of bis(diethyldithio- 
carbamate)chromium(ll), it may be possible to determine Its 
structure*
(c) By carrying out the reactions in non-aqueous media, 
which could prevent oxidation of the chromium(ll) ion, it may be 
possible to form bis(2-aminoethanethiol)chromium(ll) and 
bis(ethyl xanthate) chromium(ll).
(d) It is possible that the substance obtained from 
potassium ethyl xanthate and chromous chloride, because of its 
magnetic moment of 3*34B«M*, which is lower than expected for
chromium(lll) compounds, may contain a low-spin chromium(II ) 
compound. Therefore, if the reaction is carried out with 
excess chromous chloride, it may he possible to prepare this 
low-spin chromium(II) compound in a pure state.
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So-called Planar,
Low-Spin Bis(o-aminobenzenethiol)cobalt(II)
Sir:
The recent suggestion1 that the dark blue nickel com­
plex of 0 -aminobenzenethiol should be formulated as I 
rather than II has prompted us to report work on some 
complexes of this ligand: M n(SC6H 4NH2)2, M = VO
(lime green, = 1.77 BM at room temperature), 
Cr (light blue, jueff = 4.7 BM), Mn (pale cream, —  
5.55 BM), Fe (pale yellow, /xeff =  3.90 BM), Co (orange- 
brown, jueff = 4.10 BM), Ni (yellow, diamagnetic), 
and Zn (white, diamagnetic); Co(SC6H4NH 2)3 (dark 
green, > efi =  0.5 BM); and Cu(SC6H 4NH2) (cream, 
diamagnetic). The first five compounds are new and 
are air-sensitive. Analytical data are summarized in 
Table I.
(1) E. I. Stiefel, J. H. Waters, E. Billig, and H. B. Gray, J. Am. Chem. 
Soc., 87, 3016 (1965).
(2) W. Hieber arid R. Bruck, Z. Anorg. Allgem. Chem., 269, 13 (1952).
(3) S. E. Livingstone, J. Chem. Sp^, 1042 (1956). _________ _
I
The dark blue nickel compound is prepared by 
oxidation of yellow NiII(SCeH4NH2)2 in alkaline condi­
tions.2 Our analytical data show no oxygen to be 
present and so agree with I, not with the older oxygen- 
bridged formulation II.2
The cobalt(II) complex of o-aminobenzenethiol was 
reported by Livingstone3 to be dark blue with a mag­
netic moment of 2.6 BM at room temperature. It has 
been considered a typical low-spin, planar cobalt(II) 
complex.4-6 It was prepared3 by boiling in suspension 
in acetone the orange-brown precipitate which ap-
(4) B. N. Figgis and R. S. Nyholm, ibid., 338 (1959).
(5) D. H. Busch, “Cobalt,” ACS Monograph 149, R. S. Young, Ed., 
Reinhold Publishing Corp., New York, N. Y., 1960, Chapter 6.
(6) C. M. Harris and S. E. Livingstone, “Chelating Agents and Metal 
Chelates,” F. P. Dwyer and D. P. Mellor, Ed., Academic Press Inc., 
New York, N. Y„ 1964, p 126.__________
Table I. Analyses of o-Aminobenzenethiol Complexes
07 c 07 i_r 07  TsJ 07 O
Compound0
/ q r n u i d i  '  
Found Calcd
/ o
Found Calcd
/O
Found Calcd
/ o  ^
Found Calcd
/a yj '
Found Calcd
VO(SC6H 4N H 2)2 16.11 16.15 45.82 45.71 3.91 3.84 8.76 8.88 4.93 5.07
Cr(SC6H 4N H 2)2 48.14 48.00 3.95 4.03 9.35 9.33
Mn(SC6H 4N H 2)2 18.04 18.12 47.51 47.54 4.11 3.99 8.99 9.24
Fe(SC6H 4N H 2)2 18.35 18.35 47.19 47.39 4.12 3.98 9.04 9.21
Co(SC6H 4NH2)26 19.18 19.19 46.84 46.92 4.03 3.94 9.06 9.12
18.91 46.87 3.85 9.28
C o(SC6H 4NH2)3 13.59 13.66 50.04 50.13 4.17 4.20 9.68 9.74 ,
“ Co(SC6H 4N H 2)2O H ”6 17.88 18.18 44.26 44.46 4.02 4.04 8.63 8.64 4.87 4.94
17.96 44.66 3.99 8.56 5.40
Ni(SC6H 4N H 2)2 19.12 19.13 45.93 46.96 3.72 3.94 9.53 9.13
47.16* 3.91°
Ni(SC6H 4NH)2d
19.16 19.25
47.23
47.70° 47.26
3.51
2.97° 3.30 8.78 9.18 :
1.12
0.78° 0
Cu(SC6H4N H 2) 33.86 33.86
47.50°
38.52 38.39
3.14°
3.21 3.22
8.39°
7.27 7.46
0.69°
Zn(SC6H 4N H 2)2 20.77 20.84
° O, C, H , and N  microanalyses were performed by A. Bernhardt, Max Planck Institut, Mulheim, Germany. b Analyses are from different j
preparations. ° Duplicate analyses. d Sample was recrystallized from benzene. The other compounds could not be recrystallized because [
of poor solubility; nevertheless, the analytical figures are satisfactory throughout. ° Unrecrystallized sample, different preparation from d. (
peared when the ligand was added to cobalt acetate in H 4NH)2, a single, sharp and strong NH absorption is -
hot aqueous alcohol. We have found that the orange- found.7 In addition, the blue substance has a broad
brown compound, prepared in the absence of air, is absorption at 3500 cm-1 which would seem to indicate j '
the true cobah(II) complex Co(SC6H 4NH2)2. It has a a hydroxo species. ;
room temperature magnetic moment of 4.1 BM, i.e., However, aerial oxidation in other conditions, e.g., j 
is high spin, and the moment is in the range expected acetone or aqueous alkali at room temperature, gave !
for tetrahedral cobalt(II). However, the plot of paramagnetic blue materials with unreproducible
reciprocal susceptibility vs. temperature shows depar- analyses. Furthermore, aerial oxidation in aqueous
tures from linearity at the lower temperatures, and ammoniacal solution gave the dark green compound
extrapolation of the linear, higher temperature, part of Co(SCcH 4NH2)3. This has previously been reported2
the curve gives a large value of 530 for 9, the Curie- but could not be obtained by the published method, j
Weiss constant. Since this antiferromagnetic be- Analytical data are given in Table I; only metal j
havior could be due to interactions between the metal analyses were previously reported. The compound is
atoms in a sulfur-bridged structure, the magnetic essentially diamagnetic. Its infrared spectrum, except J
moment is not immediately diagnostic of stereochem- for the absence of an OH absorption, and its reflectance \
istry. The iron(II) compound is antiferromagnetic spectrum are identical with those of the blue compound. |
with a Neel point at 138°K. The original cobalt results Their X-ray powder photographs are almost identical, j
suggested that o-aminobenzenethiol should be classi- Thus we believe that the so-called blue cobalt(II) jj
fled as a high-field ligand. However, in all complexes complex is not a true compound, but a mixture of the ;
where states of different multiplicity are possible, high- cobalt(III) compound Co(SC6H 4N H 2) 3  and some black, j,
spin complexes are formed, except with nickel(II). paramagnetic, and very finely divided cobalt oxide or j l
As shown in Table I reproducible analytical data, hydroxide species. The aerial oxidation in boiling
including oxygen analyses, indicate empirical formula- acetone is apparently accompanied by ligand transfer
tion of the blue substance as Co(SC6H4NH 2)2OH or to produce the tris complex Co(SC6H 4N H 2) 3  and the
Co(SC6H 4NH2)20, although its color and magnetic cobalt oxide or hydroxide species in the appropriate
moment (jueff =  2.7 BM, 0 =  .16°) are consistent with proportions to account for the analytical data,
formulation, analogous to I. J  Similar moments and 9
values have been reported before.3,4 The blue sub- (7) d .  J. Phillips, unpublished work. i
stance and the com pounds listed above show com- L. F. Larkworthy, J. M . Murphy, D. J. Phillips j
posite infrared absorptions arising from the NH 2 Chemistry Department, Battersea College o f  Technology
Stretching modes, whereas with the blue nickel com- Battersea Park Road, London, S. W. 11, England
pound, and with the similar blue compound Ni(NHCe- . / Received December 11, 1965
